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PREFACE 


Written in easily intelligible English the book covers the 2 yr. 
Degrez syllabi of the Universities of Calcutta, Burdwan, North 
Bengal and other Indian Universities. The experiments given in the 
book have been grouped according to the branch of Physics they 
belong to. 

At the begining of every experiment a list of apparatus and 
accessories required for the work has been given. Asit is not possible 
to describe all the different types of apparatus required for an 
experiment within the small compass of this book, we have des- 
cribed only those that are more common and are used more often. 

For every experiment, detailed instructions have been given 


„about how to do it. A brief statement of the method followed in 


making an experiment has been given to help the student write up 
the experiment. Precautions that need be taken before working 
out an experiment have also been given to make the student 
cautious before proceeding with his experiment. 

In cases where Experimental data and results can be recorded in 
a tabular form, the form of the table has been given. In some cases 
the steps in an experiment have been illustrated with diagrams 
and / or graphs. 

In many cases before discussion of an experiment, some relevant 
basic matters, e.g., theory, etc. have been givento provide the student 
with some working idea about some principle, some instrument 
etc. 

Oral questions are usually asked during a practical examination 
to test whether the student is doing the work intelligently or 
mechanically. To give the student an‘idea of the nature of 
questions that he may be asked to answer and how best he should 
answer them, quite a number of probable oral questions with answers 
have been given at the end of each experiment. 
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Quite a number of Tables showing densities of common subs- 
tances, breaking stresses of common laboratory materials, density 
of water, elastic constants, saturation vapour pressure of water 
etc.,as also log and anti-log tables, tables of natural tangents etc. 
have been appended to the book which, I am sure, will enhance 
its usefulness to the students. 

We are fully aware of the difficulties that a student usually 
faces in doing an experiment and this book, we trust, will remove 
their difficulties and make their task easy. 

The first edition of a book, in spite of all possible care being 
taken, is likely to contain errors and ommissions. Intimation of 


any such error or omission will be gratefully acknowledged, as also 
any suggestion for improvement. 


July, 1985 DPR 
DR 
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CHAPTER I INTRODUCTORY 


1-1. Eye-estimation. The work ofa student in the labora- 
tory generally consists in finding the value of a certain quantity, 
This he does by Measuring a number of other quantities which are 
connected with the former by a definite formula. The quantities 
he measures directly may be a mass, length, time, volume, tempera- 
ture, current, potential difference, etc. In all these cases, the observa- 


- tion finally reduces to the reading of a scale or noting the coincidence 


between two marks. 


In taking a reading one often finds that the pointer or the 
index of the instrument does not coincide with any of the division-_ 
marks of the scale, but lies in between two, Where accurate 
readings are neccessary, the fractional part of the division has to 
be taken into account. With a little practice one can acquire skill 
enough to read this fraction with an error not exceeding one-tenth 
of the division if the divisions are large. For small divisions you 
may estimate upto one-fifth or half a division. As an exercise you 
may try to estimate the fractional value of the Part of the division 
to the left of the Pointer in the diagrams of Fig. 1.1.(a). The 
actual values are given below the diagram. 


e ee oe eN 


Fig. 1.1(a) 


(The values from right to left are respeetively, 0.8, 0,3, 0.7, 0.4, 0.2, 0.6, 0.1, 0.5, 
0.9 of the division.) 
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If the divisions are smaller, your guess may not be as good as 
in the above case. Try Fig 1.1(b), choo-ing the rectangles at 
random. 


nomamoecaomes 


Fig. 1.1(b) 
(Tue values from left to tight are 0.2, 0.7, 0.3, 0.6, 0.3, 0.4 0.9, 0.5 a7d 0.1 of 
the division.) 

1-2. Error. Any reading that you take involves some 
vancettainty, technical y called an error. Th2 term ‘error’ does not 
carry any s2nse of blame. It is only an ‘uncertainty’ and is inherent 
in a'l kinds of measurement. 

Errors are du2 to various causes, some of which may be known 


and some unknown. A part is due to the personal judgment of 


the observer ( which was employed, say, in estimating a coincidence 
between two marks or two occurrences, in determining the 
position of a pointer between two marks of a scal : etc.). Besides, 
the instrument used for the measurement may have a defect, or 
slight changes in experimental conditions ( such as small changes of 
temperature, pressure, voltage, humidity, etc. ) may occur during 
the experiment. These and other factors contribute to the error. 
Errors may be classified a; follows : 
I. Gross errors. 
II. Systematic errors. 
IM.. Random errors. 
1-3. Gross errors. These include gross misreading of a scale, 


or the transposition of figures in recording the result. For example 
8'4 may be read a: 9'4 or recorded as 48. W J 


£ e all make mistakes 
of this kind at times, particular] ʻi f 
T E y when fatigued. It can be avoided 
Correction. When stude; 
should take the Teading, 
error by one. 


puts work in pairs each of them 
This will 


VATN scariest: serve as check against gross 
preferably thri a working singly, the reading must be repeated, 
Ce and at a different Teading point where possible. 
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1-4. Systematic errors. If during an experiment a factor 
Operates insuch a way as to make the observed value always higher 
or always lower than the true value, the error it causes is said to 
be ‘systematic’. A simple example is the ‘zero error’ of a reading 
instrument. All instrumental errors come under this head. The 
radiation loss or gain in calorimetric experiments, index correction 
in experiments with the optical bench are other examples of syste- 
matic error. 

" Systematic errors may be divided into three groups: (i) instru- 
mental, (ii) personal (or observational) and (iii) external (or environ- 
mental). 

141. Instrumental errors. All instruments and standards 
Possess inaccuracies of som? amount. Indicating instruments’ such 
as thermometers, ammeters, voltmeters, etc., generally have small 
errors of calibration, which are different in different parts of the 
scale. The actual value of a resistance may differ from the stated 
value by as much as 1% or even more, depending on the accuracy 
aimed at during manufacture. (Reputed manufacturers of instru- 
ments .declare this error. It is known as ‘guarantee error.’) 
Unless these inaccuracies are known they cannot be tiken into 
account. But the zero errors of all scales should be carefully noted, 
and the necessary correction applied to the reading. 

1-4.2. Personal (or observational) errors. Two “persons 
taking th2 sam2 reading or making the same adjustment may not 
perfectly agree. One may have a tendency to read too high or 
too low, They may differ in timing an event or judging the level 
of intensity of a sound or light. Errors arising out of some 
peculiarity or bias on the part of the observer are knownas personal 
errors. The most common source of personal error is the tendency 
to assume that the first reading is correct, and to look with suspicion 
at any variation from this reading. This bias must be avoided, 
Whan taking a second reading, forget the first. 

Other personal errors may be due to fatigue, 
parallax. 


eye-strain or 


AR PRACTICAL PHYSICS 


14.3. External (or environmental) errors: These are 
errors due to changes in the conditions external to the measuring 
device. For example, all scales expand with rise of temperature, 
a wooden scale expands when the air is more humid, some instru- 
ments are affected by changes in barometric pressure, stray electric 
and magnetic fields, earth’s magnetic field, etc. — 

Loss or gain ‘of heat due to temperature difference in calori- 
metric measurements may be put inthis class. It is systematic 
error due to non-fulfilment of conditions in which the relations 
hold. 

1-4.4. Cotrection for systematic error. Where the source 
of systematic error js known, appropriate action is taken to 
eliminate it. Thus, the zero of a reading instrument is checked 
and the proper correction added to the reading. Error due to 
radiation loss is allowed to occur and then corrected for. Null 
points in electrical work are determined by reversing the current 
to reduce systematic error due to presence of small thermal e.m.f. 

In some cases the source of systematic error may not be 
definitely known, but its existence be suspected In such cases the 
experiment is repeated under altered conditions. lf variation of 
conditions produces no change in the.result, one may set one’s mind 
at rest regarding systematic error. 

1-5. Random errors. Even after proper attention has been 
Paid to all known sources of error, repeated measurements of the 
Same quantity may show variations from reading to reading. . 
There are undoubtedly reasons for these variations, but we are 
unable Properly ta account for them. Errors due to such varia- 
tions are known as random errors (or residual errors). 

Random errors are probably caused by a large number of 
Small. effects. Each one of them is variable and may by positive 
OF Negative. In some observations the positive and negative errors 
may be nearly equal, so that resultant error is small. In some 
ls tay of the errors may have the same sign ( positive or 
negative), giving rise to a relatively large error. 


INTRODUCTORY 5 


Assuming that the individual small effects contribute at random 
to thz resultant error, we may apply the laws of statistics to them 
to determine the best value and compute-the error. To be stais- 
tically significant the number of readings should be large, at least 
10. But as the student does not generally have the time for so 
many readings, his observations are limited to a smaller number, 
generally three, at most five. Estimate of random error based on 
such a small number is meaningless. 

Correction for random errors. Since we do not have enough 
data, :we cannot apply the statistical method for estimation of ran- 
dom erro;s. The best we can do is to take as many readings of the 


Same quantity as time permits, and use the mean. 

15.1 Deviation. The difference between any observational 
value (x) and the arithmetic mean (xm) is called the deviation of 
x (d=x—xm). When the measuring instrument is fine, as in the 
case of a screw gauge, different observations often give you the 
same value. The deviations, are practically zero. The random error 
in such a case is said to be scalelimited. This means that the 
random error is smaller than the smallest scale division. 

In many cases the deviation is 1 small! division or more. 

Random error always affects the last digit of an observational 
value. It may affect even the previous digit. 

1-6. Meanings of uncertainty, precision and accuracy of a 
measurement, 

A. Uncertainty. When we say ‘All measurements carry some 
uncertainty’, we are using the word uncertainty in the same sense 
as error (§ 1-2). The statement carries to us the meaning, that 
any observed value of a quantity differs from the ‘true’ or standard 
value by some (unknown) amount. The term is sometimes used to 
mean the range or limits within which the ‘true’ value is almost 
certain to lie’ When a length is measured correct to the nearest 
millimetre and its value is found to be 43'2 cm, we know that the 
‘true value most probably is somewhere between 43°15 cm and 
43'25 cm. The uncertainty in this case may:be taken as £005 cm 


6 PRACTICAL PHYSICS 


and the result expressed as 432+0'05 cm. 43°2cm covers the 
range 43°15 to 43°25 cm. ` 

Generally, the so-called “true” value is unknown and the 
magnitude of the error is hypothetical. Still, it is a useful concept 
for discussion. 

B. Precision. By the term precision of a measurement is 
generally meant the degrez of finenss with which it was made. 
Suppose that the length of a column of mercury is measured as 
43'2 cm, ro care being taken to measure it closer than the nearest 
millimetre. One way of stating the precision of the measurement 
will be to say that the measurement was made to the nearest 
millimetre. Another way to express the precison of the measurement 
is to state relative fractional or Percentage error of the measured 
quantity ( see Sec. 1-7). In the above example, the distance was not 
known closer than 4 mm in 432 mm, i.e. 1 part in 864, or yła 100 
=012%. This is the relative uncertainty or relative error of ‘the 
measurement, and expresses its precision ; 

: A magnitude of high Precision will have more significant figures 
(Sec. 1-9 ) in it, 

C. Accuracy, The term ‘accuracy’ stands for the degree of 
closeness. of the nominal or the observed value to the’ ‘true’ value 
or the ‘standard? value. Of two one-ohm coils marked 1 ohm +01% 
and 1 ohm £0°5%, the former is the more accurate as it is closer to 
the standard value, +0°1% and +05% are the relative uncertainties 
of their values. 

1-7, Percentage error. The importance of an error in an 
observed value is not in the absolute value, that is, the numerical 
value of the error, but in its value relative to the observed value. 

Relative, fractional ot Proportional erro = absolute error 

. observed value 
Percentage ern Ot eo. x 100= Relative error x 100 
With One-degree thermometer you may not read a temperature 
with an uncertainty less than 02". Soif. you get a rise of. tem- 


INTRODUCTORY 7 


perature of 4°, the percentage error is (0°2/4)x 100=5. We may 
also say that tte precision of the measurement is 5 in 100, or 1 in 
20, or 5%. 


In measuring a length with a metre scale, the error in the 
observation may be 1 mm. If the length measured is 61°2 cm, the 
Percentage error is (1/612) 100=016. ( Percentage errors need 
not be calculated beyond two places.) The precision here is 0°16 in 
100 or Lin 600. If the length measured ‘were 2'324 metres, the 
percentage error would be 0'04 ( Precision 0'04 in 100 or 1 in 2500). 


Examples, (1)* The length of an index rod, read to the negrest millimetre 
with a metro stick is found to be 16°7 cm. What are tke absolute and relative: 
errors ? 

Ans. Absolute error= +005 cm. (Estimated value. See Sec. 1-8) 


05 


Relative orrer =20 =0°3% 
e errcr 167” 100 03%. 


(2) A screw gauge can ba read to 0°01 mm. What is tle precision cf the 
mesurement cf a distancs cf 2.5 mm. 


Ane. Precision =0,01 mm in 2°5 mm, 


=1 in 250 = ie = AO, =0'4%. 


(3) A resistance box claims to be accurate within 0.5%. What is tLe maximum 
absolute error when the nominal value is 2000 ohms ? 
Ans. +2000X0'5/100=+10 obms. 
Note. We write errors with a + sign, because an error may be positive as 


well as negative. 


1.8 Errors in reading a scale by eye-estimation. When 4 
scale is read, there is generally an error in the eye-estimation of 
the fraction of the smallest scale division. This is primarily due to 
personal judgement of the observer and to parallax. The error of 
such an observation depends upon the fineness of the scale divisions 
of the instrument as well as on the skill and care with which the 
observation is made. Assuming that the instrument is correct, that 
reasonable care bas been taken in carrying out the meesurement, - 


and that th:re bas been no serious parallax error, we may reasonably 
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expect that the error ( uncertainty ) of a single reading lies within 
the limits mentioned below. 


Instrument Reading error 
Metre stick ( graduated in mm ) 05 mm 
Slide callipers ( Vernier const=0'1 mm ) 0.05 mm 
- Screw gauge ( least count=00] mm ) 0°01 mm 
Spherometer ( n 5 49) 0:02 mm 
Physical balance ( Sensitivity 1 mg 
per small division ) 2 mg 
Thermometer ( 0'5°C diy. ) 02°C ( using 
” eye-estimation ) 
» (01°C diy. ) 005°C (,, ) 
Stopwatch ( } sec. ) $ sec. 


When several readings have been taken of the same quantity, 
we may take the error of the mean 

(l) as, above, when the deviations ( Sec. 1-5,1 ) are smaller than 
the smallest scale division 

(i) the largest deviation, when the deviations are 1 smallest 


scale division or greater. This may also be taken as half the 
difference of the extreme values, 


Remark. Note that the above limits of error have been fixed 
Somewhat arbitrarily, Such arbitrariness is inherent in all estimates 


of error. In all cases you are guided by your own judgement. This 
may differ somewhat from person to person. 


This point should be remembered. 

19 Significant figures, As we have seen, no physical 
Measurement is ever exact. The precision is always limited by the 
refinement of the apparatus and the skill of the observer. In all 
Ways estimated, and hence it is doubtful 
è Neverthe'ess, this doubtful digit is significant in a 
S information about the quantity being measured. 
one that is known to be 


reasonably trustworthy, If a value is expressed in decimal notation, 
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there will be no sense in retaining a figure following the one that is 
estimated and hence is doubtful. 


Suppose that a metre scale, graduated in millimetres, gives the 
length of a rod as lying between 33'2 cm and 33°3 cm and that the - 
fractional part of the millimetre is estimated as 0'6., ‘The reading 
should then be shown as 33°26 cm. Any figure beyond the final 6 
will have no sense; the 6 itself may be 4 or 8 depending upon the 
accuracy of the scale, the accuracy of the observer’s eye-estimation, 
the parallax during the measurement, etc. The reading 33'26 has 
four significant figures. If the fraction of the millimetre were 
found to be zero, we should write the result as 33:20 cm, Here . 
the zero is signiGcant. If we omitted this zero, the value 33'2 cm 
would imply that the last digit 2 is doubtful. But according to the 
actual measurement there is no doubt about it. Hence by omitting 
to put the zero at the end we sacrifice our claim the precision with 
which we made the measurement. If a voltmeter capable of 
reading up to one-hundredth of a volt gives the value of the emf ` 
of a lead storage cell as 2'00 volts, the recorded value should include 
the two zeros. The recorded value should always express the degree 
of precision of the reading. 


Though arithmetically 2 and 2°00 are the same it is not so in 
physics. The first has only one significant figure; the second has 
three such figures. Note that the zeros we write to specify the 
position of the decima! point are not significant. For example, we 
may write 2 as 0'2x10*, 002x 10°, 0'°002 10°. The zeros to the 
left of 2 are not significant as they merely determine the position 
of the decimal point. Here all the values have only one 
significant figure. But in 102 we have three significant 
figures. 

1-10. Dropping of non-significant figures. In all kinds of 
calculation figures that are not significant should be dropped. This 
simplifies calculations, but does not lead to any loss of precision. 


It also prevents any claim to false precision. 
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In calculating a mean value, do not retain more significant 
figures than are contained in the individual values, Suppose the 
null-points in a metre-bridge experiment are found to be 52'1, and. 
524 on reversal of current. Recor jing the mean as 52'25 is 
improper, because the first decimal place jn each reading is appro- 
ximate. Hence the decimal figure in the calculated mean 
value, which does not have the necessary reliability, should be 
dropped, 

When such non-significant figures are d 
figure unchanged if the first figure d 
Increase the last figure by 1 
greater. 


Topped, retain the last 
topped is smaller than 5. 
if the first figure ‘dropped is 5 or 


1-11, Significant figures in su 
tules relating to Significant figures 
multiplication, etc. 


mes, products, etc. The following 
may be followed in addition, 


Suppose we Fayo to add 121, 12°8, 4592 and 36'2 in all of which 
the last figure ig doubtful, 


it in thi The sum should De expressed as 548, As the first decimal 
place ir e A J 

; 8¢cond num r is doubtful, the additon shc uld not proceed bey ond 
this figure, x 


‘cation and Givisior, carry the operation to 


the igni i 
: Same number of significant figures that are there in the 
actor with the least number of significant figure. 


Examy les, (i) 


Multiplying 4'592 by 36+ rithmetically the value 
166-2304, 8 E5 y 36°2 we get arith 


ach number Were doubtful, then the second number 
ber of significant figures, which is three. Hence the product 
ges » retaining only throe significant figures in it, 
Similary in division, 
(i) Suppose the diam 
digit is doubtful, 
computing its are 


oter of a wire is found as 2°37 mm in which tke last 
-It has been determined to thre 


e significant figures. Hence in 
a we necd not take More tkan t 


hree d'gits in the valne of r, The 
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cross-section, given by 3°14x (2'37)?+4, * should bs expressed with three signi- 
ficant figures as 4°41 sq, mm. It can also ba written as 0'0441 sq. cm, without 
change of precision. 
(iii) Consider the value of 
1'2 X 36°2 X 546'3 
4'592 X 2°86 
in which the last digit of cach number is doubtful. Using a four figure lcg table 
you will find the value as 1'807 X 10°. But the unc-riainty in the last digit of the 
factor 1'2, which bas only two significant figures, affects the second digit (8) of 
the calculated value and makes it doubtiul. Hence the final value should be 
recorded as 1.8X 10°, retaining only two significant figures, * Any additional figure 


will have no significance, and should not b3 included, 


1-12. Calculation of final result. From what we have seen 
above it is clear thst 

The precision of the final result is not higher than that of the 
quantity which was determined with the lowest precision. 

Hence there is no sense in using five or seven figure logarithmic 
tables for calculation unless all data carry as many significant figures. 
In many of the quantities you measure (particularly in temprature) 
you hardly attain a precision of 1 in 100. Hence any final value 
which is directly dependent on this quantity need no: be calculated 
beyond three significant flgures. Retention of all the four figures 
in a result obtained by calculation with a four-figure log table is 
justified only when all’the quantities involved in the experiment 
have been measured with a precision of 1 part in 1000, This. is 
rarely achieved in ordinary class experiments. 

Accumulation of rounding off errors. Note that the round- 
ing off of the last digit causes a small error. Accumulation of 
rounding off errors may exceed the experimental uncertainty. In 
extended calculations it is therefore necessary to guard against such 
rounding off errors. For this reason it is safer to work through a 
long calculation using one more figure than are indicated to be 
significant by the precision of the original observations. But in the 


The constant numeral 4 in this expression should be considered to have an 
of significant figures following it, which are all zero, 


infinite number 
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final result only the requisite number of significant figures should 
be retained. 


In rounding off, if the dropped figure is 5, leave the preceding 
figure unchanged if it is even; but increase it by 1 if it is odd. In 


rounding off 52°25, we therefore take it as 52:2. But to round 
off 52°15, we write 52°2 


113. Precision nezded in a Measurement. The questions 
which concern us most are Senerally the following : 


L How to-estimate the error in the value of a single quantity. 
(This bas been answered in Sec. 1-8) 


2. To what precision should we push the measurement of a 
quantity when we have severa 


l quantities to measure for the 
experiment. 


(For answer see Sec. 1-13.1 ) 


3. How to estimate the error in the final result (Sec.-s 1-14 
and 1-15.1) 

1-13.1, Planning an experiment. This section gives the 
answer to enquiry 2 of the last s:ction (Sec. 1-13) 

Let us suppose’ that a 
quantities x, y, zee 
a constant. 


Let öf, öx, dy, 52, etc.. represent ‘the absolute errors in the 


observed quantities, It may be shown by simple calculation that 
the maximum value of 6f/f is given by 


quantity f is related to several other 
“by the relation f=k xiyez°se where k is 


of | — 0% by, Öz 

(i EEN oE pee (1-13.1) 
In this equation a, b 

Powers and are to be ta 


Now, of/f, LEEA 


» c denote only the numerical values of the 
ken as positive. 


etc. are the fractional (proportional or relative) 
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Since the relative error in each quantity of a product or 
quotient is multiplied by the corresponding power in the final 
expression for the maximum error, it follows that the quantity 
having the highest power should be measured with a higher 
precision than the rest. 

Examples. (1) To illustrate what we mean, let us take the case of the 
determination of Young’s modulus (E) by stretching. 

Let the data be as follows; 
Stretching load (w)=1 kg, 
Length of wire (1) =150 em, 
Radius of wire (r) =0'35 mm, 
Elongation (e) =0'32 mm. _ 


The formula connecting the quantities is Bae. 
F 


The power is 2 for r and 1 for all other qnantities. If we can measure both 
e and r with an error not exceeding 0'01 mm, the proportional error in y will be 
dr]r=1/85=8% (nearly). Its contribution to the maximum error in Æ will be twice 
this value, i.e., 6%. This shows that r has to.be determined with a higher: precision , 
than e. The proportional error of r should be half that of e. So we should tiko a 
largor number of readings of r unless the error is scale-limited (8ec, 1-5.1). 

Note that even if we make an error of 1 cm in the determination of 2, the 


contribution of this to the error in E will be only 30% 100=0'4%, a value much 


less than that due to r or e. 

(2) Let us take another example—the determination of the specific héat 
of a solid by the method of inixtures. Consider the following data, condensed for 
convenience, 

Heat capacity of calorimeter with contents (w) =64'84 cal/°O, 


Initial temperature of calorimeter (t1) =29°5°O, 
Final ae 3 x (t) =84'5°O, 
Initial 3 » heated body (ta) =97'5°G, 


Mass of the solid (m) 
The formula for specific heat s is 
wlt) wo, 
m(ta—t) mo 
@ ropresenting the temperature-rise of the calorimeter and 0” the temperature-fall 
of the solid. All quantities on the right-hand side of the equation occur in the first 


=23'19 g 


S 


power. 
Suppose the temperatures are determined with an uncertainty of 0°1°O. t, may 


be 0'1°0 too high while ¢ may be as much too low. Hence the error in 0 may 


s 


14 PRACTICAL PHYSICS 
be 0'2°0. The percentage error in @ may then pel xX100=4. The percentage 
2 


error in 6’ is less; it is =92 x 100=0:3 nearly. Even if the masses are’ determined 


with an uncertainty not better than 0'1 g, the contribution of this to the final error 
is 0'4% nearly. 

Thas we find that in this experiment the main contribution to the final error 
occurs through the uncertainty in 0, the temperature-rize, Attempt should be 
made te reduce this error to the minimum value “possible under the cirewmstances. 
This can be done (i) by using a tenth-degree thermometer (i. e., reading directly 
pp t 01°C) and (ii) arranging that @ is large, which can be secured by reducing 
the value cf w and increasing the value of m. The asovracy in the measurement of 
the mass of the calorimeter and its contents neod not be pushed higher than O'1g, 
because the error due to it, a3 we have already ecen, is much smaller than that in 9. 


Summary. In consideration of the above, it is appropriate 
that we adopt the following as our guide: 

The measurement of different quantities in an experiment 
should be so planned that the relative error of each contributes 
nearly the same amount to the total error in the final result. 
This means that the terms occurring on the right hand side of Eq. 
1-13.1 should be nearly the same in value. If one term is much 
larger than the rest due either to the presence of a power higher 
than unity or due to the proportional error itself being large, 
special care should be taken to reduce it. Relative error can be 
reduced by 

(i) using a measuring instrument capable of a higher precision, 

(ii) where possible, increasing the value of the quantity to be 
measured, and 

(iii) repeating the readings. 

1-132. Propagation of errors. Note here that 

(A) The numerical or absolute error of a sum or difference is 
the sum of the numerical errors of the individual quantities. 

[Ex: Iff=u+y, then df= dut+sy.] 

(B) The percentage ‘or relative error of the product or quotient 
of severa! numbers is the sum of th2 percentage (or relative) errors of 

the several quantities entering into the calculation, 
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(C) Whea the final result depends on some power of a quantity, 
‘che contribution of the relative error of the latter to that of the 
former is power times the relative error (power X relative error). 


1-14. Maximum and Probable error in the final result. 
In most laboratory work the value of the quantity to be deter- 
mined generally depends on the values of several other quantities. 
Each of the quantities involves some error. The question naturally 
arises, ‘What is the error in the final result ? Eq. 1-13.1 gives 
the maximum (relative) error in the final result ; the actual error 
may be less. 

Let us assume that a quantity f depends upon two other 
quantities x and y, and that eg and ey are the relative errors in x 

and y respectively. The error in f may not be eg ey, for this would 

imp'y taat wh2n a deviation in x is positive, that in y also is posi: 
tive. If the deviations of x and y are independent, the resu Gag 
probable (relative) error ez in f is given by 

er= Jes Fey. (4-14.1) 

This relation states how errors are propagated and applies to 
any number of quantities, provided their deviations are independent. 

Note that if f=kx"y’z°-- (Sec. 1-13), then the error ôfs in f 
due to an error òx i in x is given by 


_ (af dfe_ (oF \dx_ 8 ae 
se (Eno = (Eia & asso 


Similarly, 6f,= (24) ôy, 6f:= (2) 6z, etc. 


When òx, 8y, Sz, etc. are independent then the final error 
in f is given by 


f= J (fa) + (Sfy FOIF 


= of (24) * ax (PY ae 4 (2) Spt (1-14.3) 
SETET 
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The working of this formula has been well illustrated in Sec. 
3-2.1. A simple example is discussed below, 

Example. Iuan experiment with the simple pendulum, the length, 80'0 om, 
was read with an uncrertainty of +2 mm, and the time for 25 oscillations, 45'0 
seconds, with an uncertainty +4 s. What isthe maximam error in the value of g 
calculated trom the data ? ` 


i 6 2 . . 
Ans. Relative error in 1=9_omm = =00025. Relative error in 


80cm 400 


*_=0'0089. Since g=47? fe we sball Fave 


él Á na OU mee 
an= ttr? (i) and 69 p= tir? zr oT. 


ög ôg t ö9T 
i ¢ 
jaximum relative error —=+ 


The x g E 


Amilo TAE WST/T*} E y (dl 4 OT 
=Ł e A > 


= + (0:0025 +2 X 0`0059) = +0'0203(i.¢. 210%) 
glas from the observed data)=473 x 80/(1:8)? =975. 
Hence mazimum absolnte error= +0'0203 x 975 (approximately) 
= +19'8. 
Rasuli=975 +20 cm/.?. 
Note that the data, a3 given, do not ascribe significance beyond the third digit. 


The above data were obtained by a beginning student in the 
laboratory. In the assessment of uncertainty he was assisted by 
the instructor. The student was distressed by the calculated value 
of g and the limit of error, His distress arises out of the familiar 
misconception among students that they are in the laboratory to 
teproduce the known values of the experimental quantitites. This 
misconception should bz removed at an early stage, and he should be 
encouraged to estimate the uncertainty of the result, and make 
efforts to reduce this uncertainty 

The student may seek some consolation by using fomula 1-14.4 
for calculating the relative error. This value comes out to be 
4(0'0025)? + (2x 0'0089)"}2 =0'018, This reduces the absolute ertor 
to£975x 0'018= £18 in place of +20. So the consolation is ae 
It is so because the relative error in T is about seven times that in /. 


A well planned experiment tries to make all the relative errors 
about equal, as was pointed cut in Sec. 1-13,1, 
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1-15. Things to remember. Each measurement involves 
some uncertainty, called, error. An errcr may be (i) gross, (ii) 
systematic, or (iii) random ( 8 1-3 to § 1-5). 

Proportional or relative error is the value of the absolute ( or 
numerical ) error expressed as a fraction of the value of the 
quantity. If this fraction is expressed as a percentage, it is called 
the percentage error.. 

The ‘precision’ ( § 1-6 ) of a measurement is expressed by the 
relative error. 

‘Accuracy’ (§ 1-5) represents the degree of closeness to the 
standard value. 

The maximum: relative error in the final result is the sum of 
the component relative errors { § 1-13,1 ) 3 

An experiment should be so planned that the relative errors 
in all the quantities are about equal. 

The last figure in the value of a directly measured quantity is 
estimated, and hence is doubtful. Any figure beyond this one is 
non-significant. Numzrical calculations should not be carried 
beyond the first digit affected by a non-significant figure ( § 1-9 to 
1-11). 

1-15.1. How to calculate the error-in a result. 

(i) Measure all the quantities concerned and use the mean. 
of each for calculation. 

(ii) Estimate the absolute error in each. For this purpose, 
ycu may use the table in Sec. 1-8, when the readings are scale-limited 
that is, identical (Sec, 1-5.1), or use the largest deviation or half the 
difference of the extreme values (Sec. 1-8). 

(iii) Calculate the relative ( or percentage) error of each quan- 
tity. (A percentage error need not be calculated to more than 
two figures.) 

(iv) If any of the quantities occur in a power (positive or nega- 
tive) other than unity, multiply its relative error by the power. 
This is the contribution of the relative error of this quantity to the 


- relative error of the final result. 


2 
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(»)- Apply Eq. 1-13.1 or 1-14.4 according as you want the 
maximum error or a probable error. 

(vi) Remember that if a quantity is the sum or difference of 
two quantities, the maximum error in the quantity is the sum of 
the absolute errors of the two quantities. : 

116. Graphs. Experimental observations are often expressed 
in the form of graphs. When the value of any quantity depends on 
anothzr, one of them is allowed to vary at will, generally in con- 
venient equal steps, and the Corresponding value of the other 
Quantity is observed. The corresponding values of the two quanti- 
ties are then plotted on a squared paper. 

In-plotting the Points a 
ibe paid to the following : 


@) The quantity which has been allowed to vary at will is 
ordinarily plotted along the horizonta! axis (called the abscissa) and 
the other along the Vertical axis (called the ordinate). The quantity 
potted alons an axis should be noted by the side of the axis. 

(i) The unit along each axis should be chosen with a view 
to utilising the larger Part of the graph paper, and at the same 
tine retaining convenience of plotting The unit of length on 
the staph paper and the unit of the quantity to be plotted 
shoul bear to each other a simple ratio. 

(The student is often told to utilise the whole of the graph 
Paper at his disposal, Unintelligent adherence to this advice more 
often leads to difficulties of Plotting Suppose that along the hori- 
zontal axis he has altogether 85 divisions, while the total change in 
the valua of the quantity he wants to plot along that axis is 52. 
Shou'd he take each division to Tepresent 52/85 unit ? The answer 
is an emphatic ‘Ny, A littl inspection of the quantities would 
show that Plotting is Much simplified if 3 divisions represent a 
change of 2 units. This utilises 78 divisions out of the 85 available.) 
feo ae the unit has been chosen, the value of the 4 pre 
divisizn mirk ET ae Peach on every alternate) ane 

te those Corresponding to the thicker lines, which 


nd drawing the graph, attention should 
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are 1", #” or 1cm apart) should be noted down on the squared 
paper. This should be done for both axes. The values so marked - 
should be integers, tenths or hundredths, but never bad fractions. 
(iv) The experimental values are then plotted. Each point 
should be marked by a small dot surrounded by a light circle, or 
across. The coordinates ofa point need not be noted by its 


Fig 1.2 


Weide unless it is required for quick reference. Much‘ writing near 


the graph gives it an ugly look. 

(w) In drawing the graph use a pencil of medium hardness and 
an eraser of good quality. 

(vi) The points plotted may not appear to lie on a straight 
line or a curve. 

(a) When the graph is known to be a straight line passing 
through the origin, the best straight line is the one passing 
through the origin (0, 0) and the point (¥, J) defined by the 
mean values of the x’s and y’s. ( This procedure is justified by” 
the method of least squares in Statistics or the theory of errors.) 

(b) When the graph is known to be a straight line, but no 
single line could be drawn so as to pass throug) all the points, a 


20 : PRACTICAL PHYSICS 


simple course is to draw a straight line such that the sum of the 
vertical distances of points lying above the line is equal to that below 
it® Points lying far off the graph may be rejected. 

The same procedure should be followed when the graph is a 
curve. In drawing the curve a trial outline may -ba lightly marked. 
by broken lines and then the necessary alterations made in it 


“4 


42°44 45-45 60 62 64 66 68 60 62 6a 6665 


t ae 


Fig 13 


hange of curvature in the graph. This 


may be tested by Taising the graph to the level of the eye avd 


inspecting, 
When the outline 


appears satisfactory the final graph may be 
drawn. It should be a 


uniform line. 
*The best conrse is to foll 


sum of the squares of the ve 
line should be a minimum, 


Ow the method of least squares, Tt states that the 
rtical distances of experimental points from the straight 


quation to the straight line. Suppose n readings of 
Denoting a corresponding pair of readings by æ; and Yi 


rom 1 to n, the method. of least squares gives the following 
values’ of 477 and b ; 


m= 22s yi) Dai Dy, (116.1) 
nazia (Saas 


pa ZEEN -30i Heey, een 
nT; *—(Sag)2; 
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(vii) If any value is found out from the graph, the corres- 
ponding ordinates should be marked by dotted lines. The point 
on the graph should also be marked. 5 

The above points are illustrated by means of two graphs ( Figs. 
12 and 1.3) the data for which were taken from a student’s 
laboratory note-book. p 

u v graph. Fig. 1.2 shows the relation between the object 
distance (u) and the image distance (v) of a convex lens. The data 
are as follows : 


u (in cm) | 28.7 | 29.7 | 31.7 | 33.7 | 35.7 | 37.7 | 29.7 | 41.7 


v (in cm) | 39.5 | 37.6 | 34.9 | 33.1 | 31.2 | 30.1 | 28.7 | 27.7 

To find f from the u—v graph, the scales for wand von the 
graph must be the same. The point (0,0) may or may not be on 
the graph, but it is necessary to draw a line inclined 45° to either 
axis, which line should pass through the above point. This is 
satisfied if a point having the same value of wand v is taken as the 
origin. At P where the 45° line through the origin cuts the graph, 
u=v=33'4cm. Hence f=167 cm. 

i-ô graph. Fig 1.3 shows the relation between the angle of 
incidence (i) and the angle of deviation (ô) in the case’ of a prism. 
The measurements were made witha spectometer by ‘a student 
during his class-work. The data are as follows: 


a | 43° |. 48° | 53° | 58° | 63° | 68° 
ð | 39°30" |393 | 39°13’ | 39°53" | 41°35’ | 43°21" 

The graph paper available was of 15 cmX12 cm ruled area. 
Each centimetre along the horizontal axis was taken to represent 
2°, i being plotted along it. Along the vertical axir, which repre- 
sented 6, each centimetre was taken as 30’ (i,e. 1 mmor each 
small square=3’). 

From the graph it was required to find the smallest value of 8 
and the corresponding value of i. These are marked by dotted 

‘lines, The values were 6=38°57' and i=48°48', 

Skill in drwing graphs can be acquire! by practice only. The 

student is advised to draw graphs from his own data wherever 


Ace, No~ [eg Fe 
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possible. This will not only give him ski!l, but also help bim in 
realising the precision of his measurements. i 

1-17. How to record data. The recording of data in’ class 
experiments hardly receives from the student the attention it 
deserves. It should be done as follows : 

G) Record all data that you observe. 

Gi) Record them in the order that you observe them. 

(iii) Provide appropriate headings indicating the quantity 
to which a particular series of data refers. 

(iv) Mention the units 

The precautions taken should be indicated at-the end of this 
record, or put down at the right place while making the record. 

The calculations made to arrive at the final result must be 
shown. This may be done on the left-hand page of the laboratory 
note-book. Log tables should be used for calculations. 

The final result, expressed in the correct unit retaining the proper 
number of significant digits, should be cleatly marked. 

The above method of recording data has been illustrated in 
in most of the experiments described in this book. When data are 
recorded in the above way it becomes unnecessary for the student 
to write an account of what he did ( the so-called ‘Procedure’ ) in 
carrying out the experiment ; but he should mention the principal 
adjustments he make: A model for such writing has been given- 
almost in every experiment. 

More emphasis should be laid on multiplication of data, and 
less on descriptions. Maximum error in the final result should be 
calculated and expressed as a percentage. 

1-18 Things to remember. The student will find it useful to 
temember the following :— 

U). Take several readings of the same quantity under unaltered 
conditions in order to eliminate gross errors and to reduce random 
errors in the measurement. : 


= (2) Repeat the experiment under suitably altered conditions in 
ler 
to detect any systematic error that may be present. 
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(3) The precision in the measurement of different quantities. 
should be so arranged that the contribution to the maximum error due 
to each is nearly the same. à 

(4) The final result should not be so calculated as to imply @ 
precision higher than that in the quantity having the least precision of 
measurement (that is, it must not contain non-significant 
figures. ) 

(5) Record all data that you take and in the order that you take 
them. Provide suitable headings to indicate the quantity to wihich the 
data refer. 

(6) At the end of the experiment, give a very short account of the 
method you have followed. 


1-19 General Instructions 


1. Preparation for the experiment. (i) Read through the 
experiment carefully, trying to understand it. Make a mental note 
of the successive steps you shculd take in carrying out the work. 

(i) Reach the laboratory in time, equipped with a pen, a 
sharpened pencil of medium softness, a ruler ( preferably trans- 
parent ) with cetimetre divisions, and a pencil eraser of good 
quality. 

2. Performing the experiment. ‘() Make sure that you 
have all the apparatus you require. 

(i) Be neat and mett odical in your work. 

(ii) Record the data in ink or soft pencil in the final fornt“ 
Do not copy it again; this may lead to error or arouse suspicion 
that the data have been tampered with. 

(iv) If a mistake has been made in recording a datum, cancel the 
wrong value by drawing a line through its but keeping it legible. 

(v) The data should be recorded in tabular form with appro- 
priate heading and mention of units. ( Tabular forms to record 
data have been given in the book to serve as guide. ) These records 
should be so clear and complete that another person may not have 
any difficulty in understanding them without reference to you. 
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(vi) At the end of the work disengage the apparatus and leave 
the components as you found them. 

3. Writing up the experiment, Treat this also as an essential 
part of the experimerit. Be neat and Methodical in writing up. 
The following method of recording the experiment is suggested. 

Heading. Write the title of the experiment in block capital 
letters and underline it. Don't waste time in ornamentation. 

Diagram.* Draw line diagrams in pencil to illustrate the 
assemb’ed apparatus, and lable the parts. (Shading to illustrate 


depth is unnecessary; a two-dimensional figure illustrating the 
‘essential parts is generally enough. ) 


In electrical work, only a circu 


Theory. Inelude an outline of the theory underlying the 
experiment. Where there is a working formula, it will do to 
state the conditions in which it holds, write the formula and clearly 
explain the symbols used. No deduction of the formula is necessary. 

Apparatus, Give a complete list of apparatus used. No 
description of any apparatus or of its mode of action is Necessary. 
(In this book these have been provided at places to enable the 
student intelligently to handle the apparatus. The student must 
have through familiarity with the apparatus.) 

Experimental data. For recording data, ‘see items (iit) to (v) 
under the heading ‘Performing the experiment’ earlier in this 
section. Be sensible about the degree of precision with which you 

~tecord data ( see Sec 1-9, 1-10 and 1-11 ). 

Calculation. The 
be entered in the tables, 
requires use of logarithmi 
fully on the left-hand Pag 

eee 


*A diagram is a representation in 
the object, Cor; 


it diagram is necessary. 


mean values of the observed data should 
Where the calculation of the final result 
c tables, it should be shown neatly and 
e of the laboratory note-book. Don’t hide 
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the calculations in a back page inan examination; these are an 
essential part of your work and subject to inspection. 

Result. Always put the units. in the final result and record 
it clearly. 

Method followed. This need be only a short statemet of what 
you. have done successively. Elaboration is not necessary as the steps 
you have followed can be easily understood from your recorded 
dita. (Models of such writing have bzen given in the book.) 

Precaution. Briefly mention any special precautions you might 
have taken . 

Instructions on how to proceed with the experiment have been 
given in the book under the heading Instructions placed imme- 


diately after the list of apparatus. 
Revision questions 
1, Explain what is meant by the following terms : Error ; significant figure, 
ystematic error, randem error, absolute error, relative error, percentaga 


gross error, 


error, 
s 2. State the rules for the proper number of sigoificant figures to be retained 


in addition, in subtraction, in multiplication, in division, Give an example of 


eich, 
8. Which of these specifies the precision of a measurement—absolute error 


ov relative error 9 

4, How are errors propagated in addition, in sabtractton, in multiplication, 
in division ? Giya an example of each. 

5. How would you plan an experiment to minimize the error in the final 


result ? 
Š Problems 


1, Which of thess are systematic errors $ 
(a) Displaced zero of a scale; (b) parallax ; (c) friction of a moyiug pointer ; 
(d) error in eye-estimation ; (e) lack of uniformity in the quantity to be measured 
(say, diameter of a wire) ; (f) change of temperature during work ; (g) index error ? 

2. In some of the cases mentioned in Problem 1 the error may be systematic 
or random depending on circumstances. Pick out such cases and state the circu- 
mstances in which the error may be random, 

3. A metre stick is used to read a length of (a) 6 cm, (b) 20 cm, and (c) 60 om 
to the nerest millimetre. Assuming that the uncertainty in an observation of this 
kind is 0°5 mm, calculate the relative and Percentage errors in the three cases, 

4, A trayelling microscope can be read to 0'1 mm. What are the relative and 
percentage errors in a measurement of 1 cm ? : 

5. A metre’ stick can be read to the nearest millimetre, 1f the error is not 
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to exceed 1%, what is the smallest distance in measuring which the metre stick 
can be used 7 


6, An ammeter reading 0—5 amp. has 50 equal divisions. Ifthe uncertainty 
in an eye-estimation is one-fifth of a division, what is the precision of measure= 
ment at (a) lamp, (b) full scale ? 


(Precision of a measurement is expressed by stating the relative or the percen- 
tage error.) 


T. Attop-watch is g aduated in one fifth seconds, What is the minimum time 
interval that can be measured with a precision of O'L per cent ? 


8. A stop-watch loses 5 seconds in 30 minutes. Weat total and percentage 


errora are made in measuring a time interval of 2 min. 30 sec, with it ? 

9. A body weighs 51'38 g in air and 30°76 gin water. If tho uncertainty of an 
weighing is 10 mg what is the maximum error in the value of the density ? 

(Hint; The maximum absolute error in the volumo will be + 0°02 cm*} 

10, In @ metre-bridge measurement of resistance the null point is at 55'S" 
em. The uncertainty in the null pointislmm, The known resistance is 5% 


pocuests: What is the inaccuracy in the yalue of R if R=[55'3/(100—88'8)] x10 
ohms 


11, Ifthe relative error in the final result is 1%and a four figure log table is- 
used for caloulation, should the result ba left with four figures ? 

12, Ine determination of specific heat by the method of maxtures the tempera- 
ture rise was 8°C. The estimated crror in the reading was 0°2°0. If the hot body 
dropped into the calorimeter had a mass of about 100g, should it have been weighed 
to the nearest (a) gram, (b) decigram, (c) centigram or (8) milligram 7 
[ Ans, Nearest gram. J 
13. Theamount of water in a calorimeter is 100g. . The mass of calorimeter is 
about 150g ard the specific heat of its material is: 0*1 cal/g°O. Is it necessary to 
Weigh the calorimeter beyond the nearest gram ? [Ans ; No,] 

14. In an experiment on the determination of Young’s modulus (E) by 
stretohing, the diameter of the wire was found to be 0'82+0'02 mm, If E depends 


on the square of the diameter, what percentage error in its value does the uncer- 
tainty in diameter contribute 9 


Tf the wire has length of about 2°5.metres and is measured to the nearest 
centimetre, what error does this uncertainty introduce in the value of F ? 
16. The focal length of a thin lens is measured, using the relation 
i eee 
u v f 
ui : 
ARNA O De 2434005 em, vis 1744+005 cm. What is the precision of 
the f Measurement 7 
Bink: Difieventiate ana write 3t 


dv öf u=0'05 =0' =24'8 
wy pe Put 5u=0°05, av=0'05, u 


te ôf, This is nearly 0:095, Calculate f from the first relation 
=025%]. 


and v=17'4, Calcula 
J=103. Precision 


CHAPTER 2 |. MEASUREMENT OF LENGTH AND MASg, 


2-1. The metre scale. In measuring a length you may be 
called upon to use a scale, cuch as the metre scale, which is gradua- 


Fig. 2.1 


ted incentimetres and millimetres. Or, it may be a foot rule in 
which the divisions are in inches and fractions thereof. 

In using a scale. first make sure of the unit (inch or centimetre) 
in which it is graduated, and also the value of the smallest scale 
division. Take the following precautions : 

(3) Place the ruler on its side (Fig. 2.1) so as to bring the divi- 
sion marks of the scale as close as possible to the points the distance 
between which you want to measure. $ 

(ii) In taking a reading avoid parallax (Fig. 2.2; Es is the 
correct position of the eye). 


Fig, 2.2 


(ii) Measure the distance by difference, as illustrated in Fig, 2.1. 
Do not use the zero end of the scale as it may have been damaged 
or worn out. 
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When it is inconvenient to place a scale close enough to a body, 
you may use a pair of dividers (Fig. 2.3). The dividers are set 
to the lengthto be measured and transferred to the scale. Dividers 
provided with screws (Fig. 2.3) are more convenient to use. 


Find from your data the number of 
Centimetres to the inch, and calculate 
the precision of the result. If the true 
value (2'540) falls outside the limits of 
experimental error, discuss the probable 
reasons for the inaccuracy of your result. 


2-2. The diagonal scale. Tae 
diagonal scale may be graduated in inches 
or centimetres and is capable of measur- 
ing a length up to 0'01 inch or 0°01 cm. 
It is divided into ten equal spaces parallel 
to its length (Fig. 2.4). The right-hand 
division (inch or centimetre) is. also sub- 
divided by ten equidistant diogonal lines. 

To measure the distance between 

Fig, 28 two points by a diagonal scale, we take 

a pair of dividers and open them so as 
to make their ends agree with the 

points. The dividers are then transferred to the scale. Suppose 
the length to be measured is found to lie between 1 and 2 inches. 
Place one point of the divider on the l-inch division (at E) and 
suppose that the other falls on F. From the division marks on the 


top of the right-hand square one can see that the required length 
lies between 1'4 and 1°5 inches, 


move the divider across the scale 
one end always Temaining o 


To find the next place of decimal, 
downwards and parallel to itself, 
n the vertical line through E. The 

thy { 7i 
ie ee ae the dotted line as drawn in the figure 
case the sce": a aus Only one of the diagonal lines (in this 
at the point where that is also cut by the horizontal 
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line sixth from the top. It may be readily seen from this that the 
‘length EF is 1'46 inches. The first decimal place is obtained from 


Fig. 2.4 
the figures at the top of the righthand Square and the second 
decimal place fron those to its right. í 


Note that the zero of the scale starts from the left of the 
divided square. 


2-3. The vernier. The vernier is an auxiliary scale which 
is used along with a common scale, called the main scale, 
suring fractions of the smallest division of the main scale. 

How to use a vernier. For reading verniers correctly the 
following steps are recommended : 

G) Find the value of the smallest. division on the main scale. 

(ii) Place the zero mark of the vernier scale against one of 

the long division marks of the maia scale. As you look up the 
vernier scale you will find that some other division mark on it (at 
the other end) coincides with another division mark on the main 
scale, Find the number of the smallest divisions of the main scale, 
as also the number of vernier divisions, which lie between these 
coincident division marks. The correspondence is generally of 9 of 
the former to 10 of the latter, or of 19 to 20, 24 to 25, or 49 to 50. 
Calculate the vernier constant, which is generally 1 scale division 
—1 vernier division. Express the value in a suitable unit. 


for mea- 
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(iii) Place the zero end of the vernier in contact with the 
extremity of the object whose position on the scale is to be deter- 
mined. Look for the coincidence of a division mark on the vernier 
with one on the main scale. Find the number of divisions on the 
vernier scale which lies between the vernier zero and the mark 

..of coincidence. Multiply this number by the vernier constant 
and add to the main scale reading which the zero of the vernier 
has crossed. 

Refer to Fig. 2.5. The vernier constant is one-tenth of the 
smallest division of the main scale (i.e., 0'01 in terms of the main 
scale unit). The seventh division of the vernier scale coincides 


with a main scale division. The reading 
on the main scale which the vernier zero 
has crossed is 5'3. Hence the reading 
provided by the vernier is 5°3+7%*001 
=5'37 in the appropriate unit. 


Special verniers. In some barometers 
the vernier provided with the centimetre 
scale has 10 divisions of the vernier corres- 
ponding to 19 millimetre divisions of the 
main scale. The student is often confused 
by this departure from his ordinary 
experience. The diffculty may be 
obviated if he takes the vernier constant 
in the case to be 


VERNIER SCALE 


MAIN SCALE 
-nuran ow vd 


2 scale divisions—} vernier division. 

The reason for ro doing is not difficult 
to fird.. Following the principle of the 
vernier he can easily see that if the first 
vernier division mark coincides with a 
main scale division the additional distance 
which the vernier zero has crossed is 2 


Fig. 25 


mm— l] =0: : 
19 mm=01mm. In using such a vernier the rest of the 


S 5 
Tocedure will be the same as already described. 
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Th2 advantage of a 19, 10 agreement over the more usual 9, 
10 agreement lies in the wider spacing of the vernier divisions 
which makes it easier to read and reduces strain in the eyes. 

Verniers are also used with circular scales for treading the value 
of an angle accurately as ina spectrometer. Note that in circular 
scales th2 divisions are in degrees and minutes of arc, and not in 
centimetres or millimetres. 

2.4, Vernier slide callipers. The instrument is an applica- 
tion of the princ’ple of the vernier described above. It (Fig. 2.6) 
has two jaws, AB and CD. The body whose length has to be 
measured is held between the jaws AB. The jaws CD are used 
to measure the inside diameter of a tube or hole, and the tail E 
(where there is one) for depth. If the instrument is not defective, 
the zero of the vernier should coincide with the zero of the main 
scale when thz jaws AB are in contact. If the two zeros do not 


Fig, 2,6 


agree, there is a zero error. Always examine your instrument for 
zero error before you use it. See whether the zero of the movable 
scale is to the right or left of the zero of the fixed scale and find by 
how much. If to the right, the zero error is to bz subtracted from 
‘the final teading. If it is to the left, it should be added. Then find 
the vernier constant as follows ¢ 


‘++ vernier divisions=~-*main Scale divisions 

1 ” Dee e oa pa ” » 

Smailest Scale division=--mm= “cm supe 

Vernier constant (V. C.)= 1 scale div.i—1 Vernier div 
='om 
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Now to measure the (i) thickness of a wooden block, hold the 
block lightly between the jaws AB, (ii) inner diameter of a metal 
washer, insert the jaws CD into the opening to touch the sides 
lightly, (iii) depth of a hole, insert the tail E into the hole such 
that the end of the main scale rests on the top of the hole. Take 
the readings as follows : 


Vernier constant=-++cm 
Zero error (Z)=---cm (to be added/subtracted) 


No. of | Main | Vernier | Value of Total Mean 
obs. Scale Scale Vernier reading | reading 
reading | reading | Scale in cm. in ci 
incm. | (v)X v.c. (a)+(b) 
(a) | -(v) (b) cm i 
1. 
2. | 
3. ! 
etc 


The corrected mean thickness/diameter/depth= = ++ Z =-::Cm 


2-5. The travelling microscope. The travelling microscope is 
essentially a microscope (M, Fig. 2.7) capable of independent hori- 
zontal and vertical travel. The displacement in either direction 
can be read of with the help of a scale and vernier. The 
microscope axis may be fixed vertically, horizontally or ai an angle 
to them by means of the screw X. S, gives the microscope a slow 
horizontal displacement, but it does not work unless the screw F 
fixes the microscope. Sisa similar screw for vertical motion. 
E is the eyepiece and O the objective. S is the stage on which the 
object is placed. The microscope is focussed on it by means of the 
screw C. The levelling screws attached to the base make the stage 
horizontal and the pillar vertical. 

The focal length of the objective is ordinarily 1 or 2 inches. 
The horizontal and vertical ranges of travel are about 15-20 cm. 
ae instrument is sometimes referred to as the vernier microscope. 

ctore taking a reading, always focus the eyepiece on the 
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crose-wires. Then adjust the microscope tube (through C ) until3 
there is no-parallax between the object and the cross-wires. 


Fig. 2.7 


26. The cathetometer. When the vertical range of a 

Í travelling microscope is insufficient for a given Purpose we use 
a cathetometer. The cathetometer ( Fig. 2.8) is an instrument 
used for measuring vertical distances of about 50 cm or more. It 
consists of a graduated rod AB which can be adjusted to be vertical. 


3 
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The rod carries a slide, to which is fixed a telescope T with its axis 
horizontal. T can be rotated along with AB about a vertical azis. 

The stand on which the rod 
is mounted has three legs, each 
carrying a lzve'ling screw (S). 
The telescop2 carries a spirit 
level. The screw F serves 
slightly to tilt the telescope 
and thus permits its axis to b2 
adjusted. 

The slide carrying the tele- 
scop2 may fixed in position by 
a screw G. The carriage 
supporting the telescope 
carries a vernier V. It may be 
moved through small distances 
by a micrometer screw M, 

The teləscope carries cross- 
wires. To read the diference 
in level between two points the 
telescopeis focussed on the first 
so that the image of the point 
coincides with the cross-wires. 
The vernier is then read. The 
telescope is then moved until 
the image of the cecond point 
coincides with the cross-wires. 
The vernier reading is taken Saeki ot 


again The difference between the readings gives the vertical 
distance between the Points. 


In using the instrument care must be taken to ensure that 
(1) The rod AB is truly vertical ; 

(2) The axis of the telescope is horizontal ; 

43) The object is accurately focussed on the cross-wires. 
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The necessary adjustments are as follows + 

(a) Turn the rod AB till the telescope is parallel to the line 
joining two of the levelling screws of the base. ( Some catheto- 
meters have two adjustable screws, the third leg being supported _ 
on a pin of fixed height. In such cases, the line to which the 
telescope is set parallel should pass through the fixed pin and any 
other screw ) The bubble of the spirit level will generally be 
found to be away from the centre of its scale. Bring the bubble 
halfway.back to the centre by turning the screw F. 

For the other half turn the two base screws ( those mentioned ) 
by equal amounts in opposite directions at the same time until the 
bubble reaches the centre. (Note that these are the screws which 
form the imaginary line to which the telescope axis was set parallel. 
If, instead of two adjustable screws, you have a fixed pin and one 
screw, turn that screw only. ) 

(b) Next rotate the rod AB through 180°. Ifthe bubble is 
not at the centre, bring it halfway back by the screw F and the 
other halfway by the previous two base screws. 

(c) Now turn the rod until the telescope is at right angles to the 
previous line joining the two base screws. Bring the bubble back 
to the centre by turning the remaining levelling screw at the base. 

In general it will be necessary to repeat the adjustments (a) 
(b) and (c) several times. The bubble will finally remain at the 
centre, whatever the direction in which the telescope is turned. 

2-7. The optical lever. This simple piece of apparatus is 
ordinarily used for measuring small angles. It consists of a trianglar 
piece of metal (Fig. 2.9 ; left) provided with three short legs at the 
corners and has a small plane mirror attached at right angles to the 
metal plate, and parallel to the line joining the legs which are close 
together. In some cases the mirror may rotate about a horizontal axis. 

_ Principle and method of use. The lever is use] to measure 
a small change of angle and hence a small increase in length. 

Consider a narrow beam of light incident on the mirror at a 

small angle and received after reflection on distant screen, distant 
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D from the mirror ( Fig. 210). If now the mirror is tilted bya 
small angle 4, the spot of light on the screen will be shifted by 2«, 
Hence if d is the linear shift of the spot, 24=d/D. 


Suppose the mirror was tilted by tur ning it through a small 
angle « about the axis joining the tips ot the iwo supporting legs 
below it. Then the other leg must have been displaced by px, 


leg and this axis ( Fig. 2.9 ). Knowing p 
may be measured. 


take an imprint of the legs ( points P,Q, Rin 


8 forming the axis 
Point on the axis, The 
i now be measured with a pair of dividers 
and a diagonal scale, 

Instead of a lamp and scre 


} 2D, We generally use a telescope and 
scale. The axis of the tele 


. Scope is almost normal to the mirror. 
The image, formed by the mirror of a vertical scale correctly placed 
close to the telescope may then be seenin the telescope. As the 
mirror tilts, the mark of the scale coincident with the cro:s-wires 
changes in value ( Fig. 2.10 ) 


the telescope after reflection from the mirror 


aw 


C A hen the mirror is tilted into the position Ma, light from some 
other point B will enter the telescope, AB=d. `The angle of tilt a=d/2D } 
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To set up the scale and telescope, adjust the mirror so that its 
plane is vertical. Place the telescope at the same vertical height 
asthe mirror and point it almost normal to the mirror. Move 
about a lamp near the telescope until you see 
maximum light init. Keep the lamp there and 
focus the telescopé until a clear image of the lamp 
is seen. Then move both the lamp and the tele- 
scope closer together, keeping a clear image visible 
all the while. Do so until the lamp is close to the 
telescope and just behind the objective. Now place 
the scale behind the lamp. Its image will besseen 

` in the telescope. If necessaty, illuminate the scale. 


28. To read a Fortin’s :barometer and 
make corrections ? 


Apparatus? A Fortin barometer acts on the 
Principle of Torricelli’s experiments. In Fig. 2.11, 
Cis a mercury cistern in communication with 
the atmosphere, over which a glass tube A, filled 
i with mercury and closed at 
the'top, is inverted. The two 
are enclosed ina metal tube 
B on which a scale S is 
etched. There is also a 
vernier V which can slide in 
a slot made in the metal tube. 
The tube isso slotted as to 
make the highest part of mer- 
cury column visible (shown 
separately in Fig. 2.12). The 
zero of the scale starts from 
the tip of an ivory pointer 
F which projects downwards 
Fig, 2,12 from the ceiling of the cistern. 


Fig, 2.11 
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The lower part of the instrument is shown magnified in Fig. 2.13. 
The surface of the mercury in the cistern can be adjusted by 


the screw E so that the tip of the ivory pointer F just touches it, 
The bottom of the cistern is made of leather. 


Theory: If a tube, about a metre long, is completely 


filled with mercury and inverted Over a trough of mercury, 
the column comes 


down a distance and remains steady at a 
certain height. 


The atmospheric pressure, pressing on the free 
surface of mercury in the wider vessel, supports the weight of 
the column of mercury. The height of the 
changes with the change of atmospheric 
pressure. The condition for balance is? 
Pressure exerted by the 


mercury column 


atmosphere= 
Hydrostatic pressure exerted by the liquid, 


The height of the mercury column can be 
measured in centimetres. 


G) Scale Correction. Let the graduations 
of the scale be correct at t°C 


» and let the 
temperature of the barometer 


at the time 
of the experiment bet, If his the height 
of the mercury column as found from the FEG 
scale, 


then correcting for the expansion of 
the scale, we shall have the true height 
A=hil+«(t—4,)} 


where « jg the C.LE. of the material of the scale. 


(ii) Density correction. 
barometric heights at diffe 
that of a Mercury column a 
H at Cand height H 


To enable comparisons to be made of 
Tent places, the height is reduced to 


t 0°C. The relation between true height 
o at 0'C is given by 
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Combining the above two equations we may write 
o= i titt totp- 
where h is the height as read, and Ho the corrected height. 

Instructions. (i) Determine the vernier constant of the scale: 
S in centimetres. 

Gi) Adjust the mercury surface by the screw E so that the 
ivory pointer F just touches it. This happens when the image of 
the tip of the pointer in the mercury coincides with the tip of the 
pointer itself. 

(iii) Keep your eye at the level of the convex top of mercury 
column. Slide the vernier by the screw K and so'set it that its 
lower edge is tangential to the curved mercury surface (Fig. 2.12). 

(iv) Take the reading of the main scale and also of the vernier. 

Repeat several times by resetting the mercury, level and the 
vernier. Note the temperature at the time of experiment as well 
as the elevation and latitude of the place. 

Record data as follows * 

Experimental results ê 

Vernier constant € 

Smallest scale div. =: mm 
-eyernier divisions = scale divisions 
vernier constant =` 1 scale div.—1 vern. div. 
=n mm tcm 


Height of mercury column ? 


No. Main scale | Ve mer value of 
of reading | reading | vernier reading (cm) 
(cm) | vXv.c. i 
; | (ca) | | 
obs. la) (v) (b) | 
1 
: hl : 
3 e e OT 


The atmospheric pressure= t cm of mercury at: ==°G 
atese (name of place) on: eee eee (date) at.. hours (time) 
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Barometric height corrected for expansion of scale and reduced 
to 0°C=-+cm, 


figure. To the other arm is attached a cylindrical tube (A), A linear 
scale (L) in centimetres is etchcd on it parallel to its axis, An 
accurately cut screw, Provided with a collar (B), works in the 
tube and moves axially when it is rotated by the milled head (H). 
The bevelled end of the collar is divided into 50 or 100 equal diyi- 
sions. When the end (D) of the screw touches the fixed stud, the 
zero of the circular scale (CS) should coincide with the . zero point 
of the linear scale. Jf they do not, ¢ 
an instrumerital error. 

Principle. Conversion of the circular 
head into linear Motion of the movable stud is the underlying 
Principle of this instrument, Rotation of the screw head through 
equal angles displaces the Sctew axially through equal distances. 


he instrument is said to have 


motion of the screw 


Fig, 2.14 


The pitch of the screw.is its axial displacement for a complete 
turn. The least count of the instrument is the axial 


displacement 
of the screw for rotation of one circular division. 
a > 4 
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If the pitch of the screw isp mm and there are n -circular 
divisions on the collar, then 
mm. 


Least count= pitch =? 


To determine the pitch, give the screw head a number of 
complete turns. From the change in the linear scale reading you 
can find the pitch. Note the total number of divisions on the 
-circular scale. Divide the pitch by the number of circular divisions. 
This gives the least count of the instrument. 


` To find the zero error of the instrument, turn the screw head 
till its end just touches the fixed stud. Don’t apply pressure. If 
-in this position the zero mark on tk circular scale coincides with 
the reference line across the fixed scale, there is no zero error. If 
the zero of the circular scale crosses the teference line, add the zero 
error to the apparent reading. If it fails to reach the line, subtract 
the error from the apparent treading. 


To measure the diameter of a wire with a screw gauge. 
Find the pitch, least count and zero error. Hold the wire 
lightly between the fixed and movable studs. Don’t press hard. 


Take the fixed scale reading and note the division of the 
circular scale which coincides with the reference line. Take 
readings at right angles. Repeat readings at several places of the 
wire. Record as follows? 


Constants of the screw gauge. 


eta al EN ag l Hr 
< full turns =.mm 
Pitch (p) =m 
Total circular divs =... (n) 


Least count (p/n) =--mm=---cm 
Zero error =: cm (to be added/subtracted) 
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Diameter readings. [(a) and (b) are at right angles.] 


No, of} Linear Scale |Circular Scale} Value of the | Total | Mean 
obs. reading in cm. treading — |Circular Scalejreadinglreading 


(a) (c) reading in in 
(c) xl. c. cm cm. 

(b) (a)+(b) 
(a) 
1) 
(a) 
2 ©) 

3 : | 
etc. | \ | 


Corrected mean diameter=(mean reading). + (zero error) 
aa ; 


` 2-10. The spherometer. The spherometer 
specially designed for measuring the radius of 
cal surface. It consists of a micrometer scre 
nut supported on three legs (Fig. 2.15), 
(A, B, C) form an equilateral triangle. The point-P of the screw 
itself passes through the centre of this equilateral triangle. The 
circumference of the screw head is divided into 100 (or 50) equal 
divisions. The pitch of the screw is 1 mm (or 0'5 mm), so that 
each division ordinarily corresponds to 0'01: mm. A linear scale 
tells the number of complete revolutions which the head makes, 


is an instrument 
Curvature of a spheri+ 
w moving through a 
The points of the legs 


210.1. Experiment 3 Measurement of 
curvature, 


Determine the pitch and leas 
. gauge, 


radius of 


t count as in the case of a screw 


To set the instrument 


place it on a sheet of plane glass and 
~turn the screw till its tip 


just touches the plane. This can be 


„just vanishes. If the 


- of the circular scale just 
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determined by looking tangeatially along the glass surface and 
finding when the gap between the tip of the screw and 
its image in the glass 


sctew is pushed beyond 
this position- the instru- 
ment rocks. Note the 
reading of the linear 
scale just below the screw 
head, and the reading 


against the linear scale. 

Now place the instru- 
ment on the spherical 
surface whose radius of 
curvature is to be 
measured, and adjust till 
all the four points (the 
three legs and the screw) 
touch the surface. Read 
the linear and circular scales as before. Let the difference 
between this reading and that on the plane glass be h. Repeat your 
observations several times and take mean h. 

Raise the screw point above the plane formed by the three 
points of the leg, place the instrument on a piece of stiff paper and 
press it lightly so that an imprint of the three legs is made on the 
paper. Measure each side of the triangle formed by the three 
points and take the mean. This should be done with a pair of 
dividers and a diagonal scale. Let it be D. Then the radius of 
curvature r of the spherical surface is given by 


Fig, 2,15 


ee 
6h 


h 


Tip, 


Mi 


Record as follows è 
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Readings-for D. 


ie 8 A 
D (in cm) Mean 
Ik 
2. ‘cm. 
3. 
5 
Result 
HIE cigar 
TT +5= +-=-+-em, 


210.2. Back-lash error. When a screw fits into a nut there 
is always some misfit between the two. The misfit is a minimum 
when the instrument is new and gradually increases with use. 
Due to this wear of nut and the Screw, a reversal of the motion 
of the screw does not take Place until it has turned through an 


“angle depending on the extent of the wear. There is thus a lag 


between the linear and the circular motions when the direction of 
motion is reversed. This lag is known as back-lash error. 


In using a spherometer or any device having a micrometer 
screw, back-lash error must be avoided. This can be done by turning. 
the screw backward by an amount greater than the back-lash error, and 
then slowly advancing the screw to touch the object. 


2-10.3 Howto use a worn out spherometer : In the case of an 
old instrument, the crew becomes loose in the nut by use. Due to 
this play between the nut and the screw, the edge of the circular disc 
may indicate different readings on the linear scale for different tilts 
of the screw axis. This gives rise to some degree of uncertainty 
in the linear scale reading. In order to get rid of this difficulty 
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an alternative method of taking readings as stated below, may be 
followed. 


Place the spherometer, first on the upper surface, and take the 
circular scale reading only when all the four legs touch the surface. 


Place the instrument, without disturbing it, on the lower 
surface. 


Turn the screw head until the four legs are again in contact 
with the surface. Take necessary precautions as in the previous 


method to ensure correct setting of the instrument on both the 
upper and the lower surfaces avoiding back-lash error. 


Count the number of the complete turns of the screw head and 
observe the final circular scale reading. 


While rotating the screw from the first position to the second, 
notice whether the circular scale reading is diminishing or increasing. 
Note this over the initial readings in your table. An arrow to the 


right may indicate an increase (say ), and an arrow to the left a 
decrease. 


From the initial and final readings of the circular scale and 
the number of complete turns, calculate the height h. 


Repeat your observations several times and find mean h. Record 
your data as follows : 


Experimental results è 


Constants of the spherometer. 


+ full turns="-mm 
Pitch (p) =" mm 
Total circular div.s =-= (n) 


Least count (p/n) == mm 


a 
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*(a) If the circular scale decreases, then A=[n—(F—I)] whenF >I 
and A=(I—F) when F<I 

(b) Ifthe circular scale increases, then A=(I—F) when F>I 
and A={[n—(F-I)] when F<I. 


Result 
T D -+ CEE 
6h 2 


2-11. The common balance. The essential features of 
a physical balance are shown diagrammatically in Fig. 2.16. The 
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beam is light and rigid. It is mounted at its centre on an agate: 
knife-edge, which rests upon an agate plate attached to the pillar 
when the balance is in use. Each pan is hung from a suspension, 


RIDER HOOK CENTRAL KNIFE EDGE 


GRADUATED BEA 
RIDER ZEA RIDER 
N J CARRIAGE 
ADJUSTING r-e te ~ADsustine 
STIRRUP -rik 3m STIRRUP 
TERMINAL _—— TERMINAL 
KNIFE EDGE KNIFE EOGE 


PN POINTER SCALE 
LEVELLING SCREW 


aa: 
CREW 
BEAM AND PAN RELEASE LEVELLING Si 


| ENLARGED 
SCALE 


Fig, 2.16 


called stirrup. An agate plane is attached to each stirrup. When 
in use the agate planes are lowered on to and supported by agate 
knife-edges fixed on the beam at equal distances from the central 
knife-edge. 

A long pointer attached to the centre of the beam moves over 
a scale at the foot of the pillar. The balance may be levelled with 
the help of levelling screws and a plumb line suspended from the 
pillar. Fig. 2.17 shows a balance in a case with the lid raised. 
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The balance is provided with a device whereby the agate 
knife-edges and planes may be slightly separated when the balance 
is notin use. This device is operated by mears of a levervor a 


Fig, 9,17 


large screw attached to the base of the balance. It protects the 
knife-edges from undue wear and injury during transfer of weights 
and objects from ‘the pans. 

Rider and its use: In some balances the beam is graduated 


. from the centre outwards. In such cases adjustment of , weights 


smaller than 10 mg can be readily made by moving a small piece of 


_ wire (called thr rider) along the beam by means of the rider hook 


and the rider carriage. Each division on the beam corresponds to 

0'1 mg or 0'2 mg according to construction and to the mass of the 

rider, which is generally 10 mg. When the beam is graduated 
4 
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from one end a 5 mg rider is necessary. The rider should be at the 
zero mark when the zero position of the balarce is being noted. 
While using a rider one must make sure, 
that it is of tha right mass. 


The weight box. The mass of a body is determined by 
comparison with bodies of known mass; These are contained in 
a box, called the weight box. It generally ‘contains masses from 
100 g to 10 milligrams or less. Masses weighing | g or more 
are ordinarily made of brass, while the lighter masses are of alumi- 
nium. The mass of ech is impzinted on it. These standard weights 
should be hand/ed with a pai 


r of forceps with which the weight box is 
provided. ú 


if necessary, by weighing, 


When the-weight of a body has been balanced, record the value 
-of each of the weights on the tight pan and add them up before 
Temoving them. Then transfer the standard weights to the weight 
box, one by one, and make a tick mark on the corresponding value 
on your record. The record may therefore run thus : 


Weight of the body=(504+10+5+2+41) + (500+200+100 


+20+5) mg 
(with a tick mark on each after checking) =68'825 g. 
When there ate Several weighings to be r 


ecorded, the récord 
will take spice. But it is better to make sure t 


han risk a mistake. 


CHAPTER 3 
PROPERTIES OF MATTER 


Determination of Young’s modulus by stretching. 


Determination of Young’s modulus E by stretching involves tne 
measurement of the elongation e of a wire under the action of 
a stretching load.. e is a small quantity and c:n be measured 
in different ways. This has given rise to the so-called different 
methods of measuring E. Thus-we have 

(A) the Vernier Method, in which e is measured with the help 
of a vernier scale, ; 

(B) the Micrometer Method (also known as Searle’s melhod), in 
which a micrometer screw is used for finding e, and . 

(C) the Optical Lever Method, in which an optical lever is 
used for finding e. 

Apart from the measurement of e, there is no difference of 
procedure in the methods. We shall consider Searle's method only. 

3-1. To determine Young’s 
modulus by Searle’s method. 
Description of Searle’s appa- 
ratus. The wire to be tested 
{A, Fig 3.1) is suspended with 
another one (B) of the same 
Jength and material from the 
same suspension clip (generally 
attached to the ceiling’. Bis 
called the comparison wire. Its 
purpose is to compensate for 
any change in length of A due 
to temperature change. 

The comparison wire B 
terminates in frame F, which 
supports a dead load to keep B Fig, 3.1 (Searle’s apparatus) 
taut. The experimental wire A is attached to a similar frame 
Fa. The two frames are connected by cross pieces so that they 
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are unable to move laterally relative to each other. But Fa may 
be depressed without affecting B when loads are hung from its 
lower end. 

A spirit level» S.L. is supported at one es ona rigid cross bar 
of F;. Its other end rests on the point ofa micrometer screw 
M. M can move vertically through a rigid cross bar, The 
disk D attached to the other end of M is divided into 50 or 100 ' 
circular divisions. As Dis turned, M moves up or down. The 
extent of vertical motion.of M is read off from the linear scale L 
and the circular scale on D. (Compare the action of a screw 
gauge or spherometer screw.) 

The wire A will also have a dead load keeping it free of kinks. 
The spirit level is adjusted to be horizontal by turning D. ue 

- gives the initial reading. : 

Theory. When a force is applied ‘to stretch a wire, it increases 
in length. The ratio of the tensile stress to the tensile strain is called 
Young’s modulus. 

If a wire of léngth 7 cm and radius r cmis stretched by a 
force of W g-wt and undergoes an elongation of 1’ cm, then the ` 


tensile stress is Wg/nr® dynes/cm*: The tensile strain is l'/], which 
is a pure number. 


Young’s modulus= E=Stess — Welar? dynes 
strain l'II cm? 


List of apparatus. Searle’s apparatus ; a set of equal weights 


(akg orlkgeach), preferably slotted ; "a long straight stick ; 
metre scale ; screw gauge. 


Instructions for the experiment. 


(1) To keep the experimental wire (A) free of kinks, p!ace 
a load of 1 or 2 kg on the stand for slotted weights attached to the 


*A spirit level ‘ig a glass tubs containing alcohol and a bubble of air. The tube 


has the form ot an are cfacircle, It is mounted ina moti] tube witha plane 
flat bottom. When tt 


te bottom is h¢rizontal, the air bubble is at the top centre 
ot the glass tube, which it convex upward. Aline on the glass tube marks this 
central position, 


A If the centre of the bubble is on this line flat bottom is 
ho tizontal, 
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wire. Treat it as a‘dead load’ and don’t take it into consideration 
in your calculation of stretching loads. ( Note it as “dead load.’ ) 
` (2) Measure tha. length | cm of the experimental wire from 
its point of suspension to the point of attachment to the frame F,. 
Do it with the long stick and the metre scale. 
(3) Take six sets of readings of the diameter d of the wire at 
three places (taking two readings in perpendicular directions at 
each place ) Calculate the cross-sections of the wire from the 


_ mean value of d. 


(S=4nd® =0°785d") 


(4) Ascertain from your teacher-in-charge the breaking stress. 
Ca'culate the breaking load ( breaking stress X area of cross-section ) 
of the wire (that is, the minimum load at which the wire will 
snap). Don’ t apply a load more than half this. value, (called limit- 
ing load ) for you may then exceed the elastic limit. Ifthis limit 
is exceeded, stress and strain will no longer be proportional to each 
other, 


Breaking stresses (kgf/mm?) 


Brass 35-55 | Steel (ordinary) 112 
Copper (annealed) 28-31 | . (tempered) 165 
Iron (hard drawn) 54-62 » (pianoforte) 186-233 


(5) Ascertain the constants of the micrometer. Adjust the 
spirit level with the micrometer screw till the bubble is at the 
centre. Note the circular scale reading -of the micrometer with 


only the ‘dead load’ on the pan, and take this reading as the reading 
for zero load. 


(6) Increase the stretching load by 4 or 1 kg at a time and 
note the corresponding circular scale reading of the micrometer 
and number of complete rotation of the circular disc, if there is 
any, after making the spirit level horizontal. Take at least five 


| Buch readings. Use the five or so topmost admissible values of the 


load, 
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(7) Reduce the stretching loads by the same amount as while 
increasing, and read the micrometer each time. Do so until yovi 
reac: the dead load. (Don’t remove the dead load, All readings) 
are to be taken after the spirit level has been made horizontal). | 

(8) Take the mean value of the two readings you got for aj 
particular stretching load W while the loads were increasing and| 
while they were decreasing. The difference between this reading 
and that with only the dead load, is the elongation I’ for load W. 
Thus you get five pairs of values of W, 1’. r 

(9) Plot the W, 1’ points with W {load ) along the x-axis and 
l ( elongation or extension ) along the y-axis. They should lie on 
a straight line passing through the origin ( W=0, l’=0 ). If they 
do not appear to do so, calculate the mean value of W of the 
stretching loads W you have used. Don’t include the dead load. 
Find also the mean value [ of l’, the elongations you have measured. 

Plot the point I7, T you'so find, and join it to the origin. 

This straight line is the best straight line» for the given data. 

(10) Draw the straight line graph and choose on it a remote 
point P which passes through the corner of a small square. Deter- 
mine the values of W and I’ for this point, and use them in your 
formula for E. Take g=980 cm/s? Sinc2 the value of d may not 
contain more than two significant digits, your final result will have 
uncertainty in the second significant digit 

Experimental results-: 

Dead load=-+ kg, 


== z LS —— 
‘Length / of (i) 5 (ii) 5 Hi) ee ; 
wire (cm) | Mean /=-+-cm, 


Constants of the screw gauge : 


Ő 


-full turns=---mm 
Pitch (p)=---mm F 


*The result follow, from the method of least squares in statistical theory o% 
some Simplitying Assumptions, 


PROPERTIES OF MATTER 


Total circ. div.s (n)=-- 
Least count (p/n)= mm 2 
Zero error=--'mm ( to be added/subtracted } 


Diameter and cross-sections of ‘the wire : 
[ (à) and (b).are at right angles ] 


|} Mean 


No. of| Linear | Circular Value of Tota |,. ‘Corrected 
obs Scale Scale , Circu Ir d'=(l) diameter diameter 
| reading reading scale reading |+(v) d=d'tz 
mm (c) (c) X L.c.=(v) }mm mmn mm 
(1) mm 
(a) | 
1. 
(b) 
(a) 
2. | | 


Mean ccrrected diameter (d)=: mm=*cm. 
‘ Cross-section s=nd*/4=--- cm* 


Limiting load * 
Breaking streis=" "kgf/cm? ( supplied ). 
Breaking load= cross section X breaking stress= "+" kgf. 
and limiting load=4 x breaking load=::-++ kgf. 


` Constants of the micrometer = 
pew Se elt) edb" A pes 
-full turns="""mm 
Pitch (p =--mm 
Total circ. divs (n)=---mm 
Least count (p/n)=:--mm="*"cm. 
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Lead-extension date + 
(‘Lae loads are in exces3 of the dexd lord ) 
{(i) for lox increasing and (li) for de>reacing } 


Addi- 

Initial | No, of |Fiosl | tional [Total no.|Mean of | Mean Total 
No. Gnad| cir, ac. complete] cir sc.| no of of oir. | the two e'onga- jslanga- 
of OW reading jrotation | .e.d-| cir, sc. | #0, div. elonga- | tion in | tion 
obs. kg) (06) (R) ing diy, rotated | tlon en.= 
= (F) | rotated | =Rrn+ (M) MxLe 
(A+) A 


O a. 


[tf the oircalar scalo decreases, then A=(n—(F-1)) when F>I 


end A=(I-F) when F<I 
If the oicow'ar sale inereases, then A=(1—P) when F>I 


A and A=[r-(F—1)) when F <I) 
Moan lond W ( mean of column 2)=: kg =z, 


Moan extension J” ( mean of last column )=++-mym=...em, 

Result. The W-1 graph is drawn (Fig. 3.2). From the point P 
on the graph, I find that for We--kef,l' = + mm = >» cm. 
Taking g=980 cm/s* and putting these values in the equation for 
E,L get 
Ba ket (W) -cm (1). 

“cm? (S) -cm H) 

= W100 x 980 dyn: cm 


ATV 


T 
i 
' 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


z ` A S cm? ‘em 
a £ 
£ 5 =--dyn/em 
E j wee | Alternative method of cal- 
no te culation, Insted of drawing 
Wei sn ow- = the graph, the values of [77> and 
Fig, 8.2 (WU graph) l may be substituted in the 
formula for E. 


statistical [According to the ‘method of least squares’ in 
theory, the best graph passes through the origin and the 
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mean point ( W, 1’). The authors are in favour of this method. 
Drawing the (W-I') graph shows how the individual points lie off 
- the best straight line. ] j 

[The item below, that is, ‘Method followed,’ is a specimén meant 
to show the student how to write it. ] 


Method followed 

(1) A dead load of 2 kg each was placed on the pans attached 
to the experimental and comparison wires to keep them taut. This 
load was not included in calculating the stretching load, 

(2) The length and cross-section of the wire were determined. 

(3) The breaking load was ascertained. I did not apply. more 
than half this load as it might exceed the elastic limit. 

(4) The least count of the micrometer was determined. The 
circular scale reading with only the dead load was noted. It is 
the reading for W=0, fi 

(5) Theload on the pan was increased by 1kgata time. 
I went up to-kgf. The corresponding circular scale reading and 
number of full rotation were taken each time. 

(6) The loads were then diminished by the same amount at 
a time, and the corresponding Teiding taken, till I reached the 
dead load 

(7) The elongation (l') for a load W was calculated“ from the 
mean reading for that load and the initial reading. 

(8) The W-l' graph was drawn. It was a straight’ line through 
the origin. A point P on the corner of a square through which the 
graph passed was chosen and the values of W and I’ corresponding 
to it were used for calculating E 

Precautions: (1) The experimental wire should be free from 
kinks. A dead load must be placed on the pan to keep the wire 
taut, i 

(2) The total load (including the dead load) must not be 
greater than half the breaking load of the wire. A greater load 
may cause it to exceed the elastic limit. 
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(3) The screw must be rotated in one direction to avoid back- 
lash erorr when a particular set of readings are noted. 


3-1.1. Estimating the error in the result. 
E depends on the measured quanities W, d, l, l' in the manner 
E=k W d~? 1-1 
(d is the diameter of the wire, k is a constant, here equal -to 4[%.) 
From formula 1-13.1, 


dE_ôW , ôd, ôl, al’ 

O ET ? 

Each term on the right-hand side of this equation gives the 
contribution of the relative error of the respective quantity to 
the relative error of the result. Let us consider each such term in 

turn; ; 

aW is the absolute error in W. It is not a measuremental error. 
We accept the values of W as stated, but we do not know how far 
correct they are. W is really a ‘guarantee error’ (Sec. 1-4.1), 
but is not known. So we take sW=0 {though a commercial 1 kg 
weight may differ from the true value by 5g or even more depending 
on the manufacturer ). (In practice, 17/W may -be 5/1000=0'005 
or 05%. It may be even higher.) ` f 

ðd is the absolute error in d. d is generally of the order of 
1 mm. The screw gauge measures up to 0'0l-mm. A reasonable 
estimate of ôd will be 0'01 mm (See table ; Sec. 1-8). So éd/d is 
of the ordet of 1%. The contribution of this error in d to the 
relative error in E is twice this ( that is, 20%), because E depends 
on the square of d 

l is generally greater than 2 metres. So, even if we make an 
error of 1 cm in measuring l, its contribution to the:relative error 
gi the result will be Jess than 1/200 or 0'5%. The actual error ` 
is less than this, being determined by the position of the points of 


fixation of the wire at the two ends. Taking three readings has been 
recommended to eliminate any gross error. 
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The elongation /’ is the smallest quantity we measure. So 
òl'll’ has the highest value of all the relative errors. Taking òl'=0'01 
mm (arbitrarily ; Sec. 1-8), find 6/'/’ from your data. You may 
be shocked to see how large it is. 

We have ignored ô WIW, found ôlfl to be 0'5% or less, dd/d to 
be about 2%, and 6/'/l’ much greater. Our effort should therefore be 
to reduce 81'/l’ to around 2% or so. This will make the percentage error 
in the result to be about 5%. The precision in the result will then be: 
Lin 20 (5%). If 5o, we may state the result as E=- + 5% But 
remember 8/'/I’ in the work done is well above 2%. So the final 
Percentage error is greater. 

Since 81'/l’ far exceeds other relative errors, using formula 
1-14,1 will give little consolation. : 


3-1.2. Oral questions. 


1. What is Young’s modulus? On what does it depend? What are its unite 
in the cgs system 7 

2. What i3 olastic limit ? - 

8. Explain the terms ‘longitudinal stress’ and ‘longitndins! strain’. What 
ave their units ? 

4. Why is it necessary tə have another wire of the same material as the ox- 
perimental one ? Should they bave tho samo diameter ? 

5. What is ‘dead load’? Why is it ured ? 

6. Why do you take readings twice, once while the load is increasing and again 
when it is decreasing ? 


7 


7, Explain bow you drew the graph and used it. 


Answers. 


1, Tt is the ratio of a longitudinal stress to the longitudinal strain it produces, 
so long as the e'astic limit is not exceeded. Æ depends on the material and to some 
extent on the temperature. It fs independent of the diameter or length of the wire. 
In dyrves/em? units. 

2, Tf a body is deformed by applying a force, ordinarily the body regains its 
original size and shape when the deforming force is removed, But if the applied 
force exceeds a limit, the body may be left with a permanent change of share or 
sige, This limit is called the ‘elastic limit’. 
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3. A stress is a force per unit area, A longitudinal stress is one applied parallel 
to a length, It may be a tensile stress or a compressive stress, Longltadinal 
strain is the change in length per unit length. Streas is expressed in dynes/om? 
nits, ‘Strain is a pure number and does not require aay unit. 

4, If the room temperatare ‘changes, the length of the experimental wire will 
also change. The second “wice is used for correcting for this change, The ebange 
ia length is thes+me ia both wires due to the temperaturo, So the micrometer 
readings are not affected. The wires need not hive the same diameter, as tempom- 
turo afies!s them equally. 

5. Tho ‘dead load’ keeps the exgerimental and comparision wires free of- kinks 
If thoro is a kink (a little bondiug ), straighteaing of wire will lower its end with- 
out any change of actual length. Presenc3 of a kink will thus vitiata results 

6. To reduce errors of ‘adjustment 

T. Soe items (8) and (9) under ‘Instructions for the eos n The (0, 0) point 
should bo on t ¢ graph, 


Test yourself, 


[We shall not provide answers to the questions under this Teas! The questions 
are intended to induce some thinking and generate self-confidence én the student. 
He has all the material (inthis book or his text book on Properties of Matter ) to 
find the answers.) 


1. Whatdo you understand by Hooke’s law ? Breaking stress? Why bave 


you limited yourself to a maximum load? What undesirable effects may take 
place if you go on increasing the load ? x 

2, Why do you measure the diameter in porpendicalar directions at a given 
place, and also at different pl ? 


8, Can Young's modulus be-determined by comsressing a rod and measuring 
the contraction ? 


State how. youe answer is consistent with the defination of 
Young’s modulus, 


4, Is clongition of the experimental wire accompanid bys any contraction of 


its diamoter ? Do you think that the contrastion, if any, will Le measurable by the 
instruments you aro using ? 


5, Will it make any difference in the value of the ratio longitudinal stress to 
longitudinal strain (i) if the wire is free to contract, (ii) 
dimensi on i3 prevented ? 

6. 


if any latəral change of 


Jn this experiment you have measured a length, a diameter and an elonga~ 
LON. y i 

Which of these quantities should be measured with particular care and why? 
[ Find answer from Sec. 8-1.2, | 


7. Wb 
ul at is the correct number of significant figures in the result yuu haye 
? [See Sees. 1-9, 1-10 and 1-11 ] 
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3-2. To determine Young’s modulus of a beam by flexure 

[Description of apparatus. The experimental material is 
taken in the form of a rectangular bar about a metre long and of 
uniform cross-section. It rests horizontally and symmetrically on 
two parallel steel knife-edges (Fig. 3.3). The knife-edges are fixed 
on two heavy iron stands provided with levelling screws. The“ 
bar carries at its mid-point a vertical pointer and also a hanger, 
on which weights can be placed for depressing the bar. A micro- 
scope sliding along a vertical scale (Sec. 2-5) is suitably placed to 
se@ the tip of the pointer.] 


Fig, 3.3 


Theory. A bar of length] and uniform cross-scction A rests 
symmetrically on two knife-edges at thz ends. It bends a lit le 
under its own weight. If now a load of weight W be placed at 
its mid-point, it will produce a depression ô below the original 


value. Then E, the Young’s modulus of elasticity of the material 


of the bar, is given by 
-WE 3-21) 
E= Er 
where b and d are the breadth and depth respectively of the bar. 
Apparatus. Searle’s apparatus for flexure of beam with nece- 
ssary accessories, such as hanger with central pin, a set of slotted 
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$ kg or 1 kg weights, metre scale, spirit level, screw gauge, travelling 
microscope and reading lens. 


Instructions for the experiment. (1) Draw a well defined 


transverse line turough the mid-point of the bar. Also draw two 


„other lines parallel to the ends and about 2 to 3 mm from the 
end. 


Place the bar on the two knife-edges so that it rests on the two 
marked lines equidistant from the ends. Adjust the bar to be 
horizontal with the help of a spirit level placed in its middle. 
Attach the hanger and the pointer at the mid-point of the bar. 
Place a travelling microscope suitably to see the tip of the pointer. 


Level the platform of the microscope and make the microscope axis 
horizontal. 


(2) Find the vernier constant of the microscpe in the usual 
way. 

(3) Focus the eyepiece on the cross-wires, one of which should 
be horizontal. Then focus the microscope on the tip of the pointer. 
So raise or lower the microscope tha: the image of the top touches 
the image of the horizontal cross-wire. Sze that there is no 
parallax between the wires and the pointer head, Read the position 


of the pointer on the vertical scale of the microscope. This is the 
reading with zero load. 


(4) Place a load of % or 1 kg on the scale pan and note the 
new position of the pointer. Gradually increase the load by steps 
of 4 or 1 kg and each time note the new position of the Pointer. 
Make 6 or 8 such observations. Now decrease the load stepwise 


and read the scale as before. Thus for a given load you will 


have two readings, one while the load is increasing and the other 

while it is decreasing. Take the mean of these two values as the 
reading for that load. 

(5) Remove the ba, 

of the stands. Place a 
scale-marks Vertical, 


T taking care not tə disturb the positions 
metre scale across the knife-edges with the 
Measure the length (I) between the knife- 
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edges to the nearest millimetre Take at least six readings*, 
using different parts of the scale, and note the mean. - Measure 
the brerdth b at three different places of the bar with the screw 
gauge. e X 

(6) Measure the depth d of the bar with the screw gauge at 
six places along the entire length of the bar. As the expression for 
E involves the cube of the depth, a relative error of 1% in the value 
of the depth will contribute three times its value to the relative 
error in E. So special care should be taken to minimize’ the error 
in measuring the depth. (The depth being small, its relative error 
‘will be much greater than that of l. Hence the need for a much 
finer measuring instrument and use of the screw gauge.) 

(7) Calculate the depression for each load. Plot the depressiorm 
6 against the deoressing load W. The experimental points should 
lie on a straight line passing through the origin (0,0). If they do 
not, calculate mean 6 and mean W. Plot this point (5, IJ) and 
join it to the origin (0,0). This is the best straight lines* that can 
be obtained from your data. ; 
` (8) Choose a for point on the graph which passes through 
a corner of a small square. Find the depression and the load 
corresponding to this point and use these values of W and ê in 
Eq. 3-2.1 to calculate E 

Noth that it is eqally valid to use mean ô (§) and mean W 


(WD) in Eq. ‘3-2.1. 


eNo!e that J occurs in the third power. Hence its contribution to the xelative 
érror of the final result is three times its own relative error {See Sec,s ws gna 
1-18.2). lis ordinarily about 90 om. Hence an error of 1 mm in its determination 
produces an error 3X (1/900) or 1 in 800, that is 0'3% in tte final error, . 

**According to statistical theory, If there is a large number of points, each of 
low precision, and the relation is a straight line passing through the origin, join the 
origin to the point with co-ordinates g, y (mean gand mean y ) to get the best 
Straight line atisfyiug the principle of least squares. This simple method elves 
aesults which have no more error than the earlier complicated methods of caloulation 


( which were arbitrary ). 
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{Re-ord your results as follows.] 
Experimental results : 
Constants of the vernier microscipe (vertical scale)? 
Smallest scale division =: -mm 
-v vernier divisions. =---scale divisions 
Vernier constant = l scale div.—1 vern.div 
= e mm= cm. 


Load: depression data : 


Readings (in em ) tox 


Load inereasing Mean 


Obs tke) Load decreasing depression 
| ain | Ver- otal | Main | Ver- | qo] 5 ae 

ə scale | nior scalo | hier 

1 0 | | e(a) la-a) 

a ot i | -(b (b-a) 

a E He | vee | elo (e-a) 

E E E E ay (d-a) 

ots. | 


Mean load 7=---kgt=++-g£; Mean j=” cm 
- Birst graph: (Plot of last column against the second) 
Second graph: [Straight line joining the point (WW, 3) to the 
origin (0,0). Compare the two graphs. Use the calculated values 
of ID, 8 in the equation for E.] 


Length of the bar (l) tetween the two knife-edges : 
(Scale placed at random) 


R’ght ond Left ond 4 
; Ots, (cm) (em) - (om) 


Mean 1 


Constants of the screw gauge? 


++full turns =---mm 
Pitch (p) =+mm 
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Breadth (b) and Depth (d) of the bar (in cm): 


Total circular div.s =---(n) 
Least count (p/n) =-+-mm 
Zero error =-+-mm(add/subtract) 


2 Linear scale? Circular Value of the Total | Mean |Correc- 
a No. of reading scale cir, sc. reading |Z +V) (in| ted 
E obs. (in mm) reaging (in mm) in |mm) | mean 
A | Cc V=O0xlLc. (mm) (in cm) 
Pettis | a 
Sales 
3 2. 
Gz} 3. 
8 ; 
[3] * | 
S 
g 
A if 


Calculation : From the second graph, when load (W)=--g, 
depression (3)=:--cm. 
Ory 
Mean load J7=-+-kgf=-+-+gf=-++g X 980 cm/s*=dynes. 
Mean depression §5=-+:cm. 
Result: Substituting the above ‘values and using other 
measured values 


8 
r= =e dyn/cm’. 


Method followed. ( A brief statement ) 

1. I determined the constants of the vernier microscope, and. 
Screw gauge. 

2. Imarked the central line across the beam, and measured 


the breadth and depth of the beam. 
3. The beam was supported horizontally on two parallel 


oe 


knife-edges near its ends, and the hanger and pin were fitted to ir 
along the central line. 
5 
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4. The platform of the microscope was levelled and the 
microscope axis made horizsntal. It was then focussed on, the pin 
head. The reading on the-vertical scale was taken with no load 
on the hanger. 

5, The load was increased gradually by steps of = kg, and the 
pin head reading taken each time. Aften. such readings the 
load was reduced by the same amount each time until there was 
no extra load on the hanger. During reduction of load, the pin 
head reading was taken every time. The mean of the two values 
for the same load was used for calculation. 

6. After removing the bar, the distance between the knife- ' 
-edges was carefully measured with the metre scale. i 

7. A load-depression graph was drawn from the data obtained. 
( This merely served to show how consistent the readings: were. ) 
The best graph is the one passing through the origin and the point 
defined by the mean value of W and ô. ( This follows from the 
“method of least squares” in Statistics. ) 

8. In calculating the result, I therefore used the mean values 
of W and ô. 

Precaution. Aslandd ‘occur in the third power in the. 
expression for E these two quantities should be measured with as 
much precision as the instruments permit. Also, more readings 
of these quantities should be taken than for others. ) 

3-2.1. Discussion of errors. From the working formula 
E=W1*/4hd*°6 (Eq. 3-2.1 ), it follows from Eq. 1-13.1 that 


dE. , (OW al, Ab, add, 08 
aot teats 


The ô’s are the absolute errors in the corresponding quantities: 
The fractions are the relative errors. ( Here we take gas a fixed 
quantity, correct up to 3 significant figures. ) This means that the 
telative error in the final result is the sum of the contributions of 
the relative error of each constituent quantity. If one of thes? 
quantities has a power p, then its contribution to the final (relative) 
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error is p times its own relative error. This can be seen in the 
quantities / and din the equation. 

Let us consider the relative errors one by one. The data are 
taken from a student's record. 


(i) @W/W. We do not exactly know by how much a stated 
weight W ( say, 1 kg ) differs from the standard weight. Generally, 
we take the standard weights as correct, that is, 0 is taken as 
zero. -Actually 0W/W may be as high as +0°5%. (A so called 1 kg 
weight may be anything between 995 and 1005 g. ) But this is 
ignored. 


(i) alll. 1=80'0cm. He took three values, all identical. 
The random error was scale-limited (Sec. 1-5.1) We may 
reasonably take dl as 0'5 mm=005 cm. l/l is therefore 5/8000> 
0'16% and thrice this value is about, 0°5%. 

(iii) ab/b. b varied between 0°651 and 0°656 cm for the 5 
readings taken. For quick calculation, let us take Ob as half the 
difference of the extremes. This is0'003cm. 2b/b is therefore 
3/650 or -£0°5%. 

(iv) Odld. The bar used was a square one. ôd was 4(0'656- 
0°656)=0'003. 3x (@d/d) was therefore about+15%. 

(v) 08/8. For a1 kg load, § was 0'341 cm for load increasing 
and 0'348 cm for load decreasing. Hence we may take 5=0°345 cm 
and 95=4(0'348—0°341)=30'007~0'004 cm. Thus 05/5 was 
about 4/345 or £1°1% The smallness of 5 contributed about the 
Same value to the final error as the depth d, though d occurs in the 
third power. Because of the largeness of l, 301/1 was rather small. 

dE/E=+(05+054+15+11)= +3'6%. 

This is the maximum error. Treating the relative errors as 
independent and applying the formula 1-14.4, we find that error 


is probably nearer to 2%. 
His calculated values of E varied between 20°10 and 20°70 x 10** 


dyn/cm. This gives a mean value of 20'40*10** dyn/cm?. But 
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the number of significant figures in the result should be three, and 
the result stated as 20'4 X 10** dyn/em?. 


So, the result in this case is | 
E=2'04x 10** dyn/cm? £2%. f 
Note that the values of E he obtained are within this limit. 


3-2.2. Oral questions. 
1. Define Young’s modulus, 


2, What do yeu understand by stress and sirain, What are the units in which 
they are expressed ? In what uuit is Young’s modulus expressed ? Why is this 
the same as that of stress ? 


8. What value of stress did you assume in calculating the final- result ? What 
was the corresponding strain ? 
4, What is Hooke’s law ? 


5. How do you assure yourself that in your experiment you have not exceeded 


the elastic limit ? z i 


6.. Would you exercise the same care in measuring the breadth and the 
depth? Why? 


T. Does the weight af the beam affect the result} How ? 


ls 
Answers : 


1. It is the ratio of a longitudinal stress to the longitudinal strain it produces, 
so longas the elastic limit is not exceeded. 


2. See answers to questions 1 to 3 of Sec, 3-1.2. 


3. -The case is not one of applying a stress, noting the strain, and measuring 
their ratio. The experiment is one of noting the depression for a given load. 
Young's modulus enters indirectly. 

4. Hooke's law states that within the elastic limit, a strain is proportional to 
the stress producing it. 

5, . The elastic limit was not tested in this case. 


If the load-depression curve 
is a straight line, we are within the elastic limit. 


When the same increase in load 
produces a greater depression, elastic limit is exceeded. 

6. Breadth occurs in the first power and depth in the third power. Hence. 
in the final result, the contribution of the relative error in depth is three’ times its 


valne. Breadth contributes its own relative error to the final result. Depth 


being smaller than breadth, the relative error in itis also larger. * Hence depth 
must be measured with greater precision. (See Sec. 3-2.1). 


Mile 


Even if the weight of the beam is not negligible compared with the 
load, it does not affect our result, We have noted the increase in 6 for increases i? 
W The position a9 takes care of tha weight of the beam. ‘That position i# 
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below the horizontal level by an amount arising outof the weight of the beam, 
The same argument applies to the effect of projection of parts of the beam beyond 
the knife-edges, 


Test yourself. 


1, Young’s modulus involves a longitudinal stress and a longitudinal strain. 
Where are such stresses and strains in this case ? 

2. Fora heavy beam you plot load along the a-axis and depression along the 
Y-axis. Will the graph be (i) a straight line, (ii) a curved line curving upward, 
(iii ® curved line curving downward, when you ignore the weight of the beam ? 


3-3. To determine the modulus of rigidity 
by the statical method 

Description. of apparatus. There are various forms of 
apparatus that are used for the determination of the modulus of 
rigidity ; but the principle involved is 
the same. Two common forms gene- 
Tally found in the laboratories are 
described below. 

The type of apparatus shown in 
Fig. 3.4 consists of a rigid iron frame 
Provided with a heavy iron base stand- 
ing on three levelling screws. The 
experimental wire is clamped at the 
centre of the upper frame-work by 
Means of a screw S and carries a 
heavy cylinder K, called the fly-wheel, 
at its lower end to which it is clamped 
by another screw S’. Two threads, 
With one end of each attached to the 
Cylinder and wound in the same 
direction, pass round it tangentially 
in opposite directions and carry two 
Scale pans at their other ends after 
mounted on ball-bearings. 


Fig. 3.4 


passing over two pulleys 
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A long pointer is attached to the wire near its lower end and. 
moves over a horizontal circular scale (Sə) graduated in degrees. 
The wire should pass through the centre of this scale. There may 
be another pointer which can be attached to some other point on 
the wire and can move over a similar horizontal scale (S1). 

Second form. The other form of apparatus is shown in 
Fig. 35. Here the material, the rigidity of which is to be 
determined, is in the form of a rod (AB) of circular cross-section. 
It is mounted horizontally on a rigid frame with one end rigidly 


fig. 3.5 


fixed. The other end is supported on a ball-bearing and carries- 
a fly wheel F at the end. A piece of steel ribbon band, R, one 
end of which js attached to the fly wheel, passes round it and 
carries a scale pan at the other end. Weights are placed on the 
scale pan to produce the twisting couple. The rotation of the fly 
wheel is measured by the vernier. 

Theory. If a homogeneous wire of uniform radius r and 
length! be fixed at one end twisted at right angles to its length 
a Spey of, moment C applied at the other end, the twist 0 at 

is given by the equation 
CG0: 
2l 
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where G=the modulus of rigidity of the material of the given 
wire. 


In this equation, if l, y and C are in cgs units and 0 in radians, 
G will be in dynes per em”. 
If the couple is due to a load of Mg acting with an arm R cm, 
C=MgR dyn-cm. 
If the observed angle of twist is $ degrees, 


then 0= a radians. 


1i 
Substituting these values of C and 9, the equation for G reduces to 
360 IgR.(/M 2 AGN 
Ga ars (4) dyn/cm”. (3-3.1) 


In the case where there are two pointers, let], and ls be the 
distances of the points of attachment of the pointers from the fixed 
end, and $, and $, be the corresponding twists produced at the 
points of attachment of the pointers. Then 


—3604RMI, _360¢RMI, 


G ar hy nrt pe 
_360gRll, —1) M 3.2 
ri nar ba PL sae 


If all the quantities on the right-hand side are expressed in cgs 


units, the value of G is obtained in dyn/cm*. 

List of apparatus. Rigidity apparatus 5 two sets of identical 
weights ; rod with two sliding pointers ; metre scale ; spirit level ; 
screw gauge ; slide callipers. 

Instructions. (1) To level the instrument place a spirit 
level on the circular scale such that it is parallel to the line join- 
ing two of the levelling screws. Adjust any of the two screws to 
bring the bubble to the centre. Next place the spirit level at 
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right angles to its former position and bring the bubble at the 
centre by adjusting the third levelling screw. 


This ensures that the experimental wire passes through the 
centre of the circular scale. ‘But check it visually. The part of 
the circular disc where you placed the spirit level ‘might have been 
curved). 


If the pin at the lower end of K touches the frame, adjust the 
levelling screws to keep the pin free. This is very important. 
Otherwise there will be friction, which will reduce the effect of the 
applied couple. 


(2) Measure the length of the experimental wire between the 
points of attachment of the clamp at the fixed end and the pointer 
at the remote end. For this purpose, use a rod with two sliding 
pointers on it, if available. 

(3) Measure the diameter of the wire by means of a screw 
gauge at least at six different places along the entire length of the 
wire. At each place take two readings at right angles. As the 
expression for rigidity involves the fourth power of the radius, an 
error of 1% in the radius will cause an errorof 4% in the final result. 
Hence much care should be taken in Measuring the radius. Many 


more readings have to be taken for it than for any other quantity 


involved: in the measurement. By this means the error in its 


measurement may be kept sufficiently low. The thinner the wire 
the larger the number of readings that should be taken, The. 


screw gauge should be read to three significant figures, 


by eye- 
estimation if necessary. 


(4) Determine the diameter of the fly wheel R; which is the 
arm of the applied couple, by means of a pair of slide callipers, 


(5) 


; Take readings of the pointer with no load on the scale ' 
pans, 


making sure that the fly wheel does not touch the frame. 
(6) Testing elastic limit. 


If the wire is about a metre long; test 
by putting an initial load to p 


roduce a rotation of about one com ` 
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plete turn. See if the pointer returns to the initial position after 
removal of the load. If it does, use $ to $ of this load at a time to 
produce rotation. If it does not, find the load that causes a rotation 
of about 360° without producing a permanent set. You are then 
within the elastic limit. Use about $ to $ of this load at a time. 

(7) Place equal weights on the scale pans and take readings 
of the pointer. Increase the loads on both pans by equal steps and 
each time read the pointer. Take six to eight such readings. 

(8) Repeat your observations for the same loads as you 
decrease them by equal steps. 

(9) For a given load take ¢ as the mean of the two values that 
you get, one while the load is increasing and one while the load is 
decreasing. 


Plot the twist $ against the load M. 

The experimental points should lie ona straight line passing 
through the origin. If they do not, plot the mean value of $ against ' 
the mean value of M and join this point to the origin. You may 
use these mean values for calculation in Eq. 3-3.1. 

Alternatively, from a point on the graph, as. far away from the 
origin as is convenient, find the twist and the corresponding load. 
Substitute this value of M/¢ in the formula for G. 


Experimental results : 


Length of wire in cm 


Obs. Lee Se eae mee 
Reading | ‘e-em | cm | ‘cm cm 


Constants of the screw gauge ? 


-full turns =+ mm 
Pitch (p) =+*mm 
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Total circular diy.s =---(n) 


Least count (p/n) =---mm 
Zero error =+*smm (add/subtract) 
Diameter of the wire in mm: 
{(a) and (b) are at right angles ] 


No. of | Linear Cir. Sc. | Value of cir-| 


|Diameter| Mean Corrected Radius 
Sc. rea- | reading | cular Scale | L+y diameter} diamete r Bed 
Obs. | ding (mm)| = (C) “| reading V=| mm din d=d +Z =A 
| (£) | (C) xI.c. mm} mm mm 
| 
1. (a) “mm 
() | | 
2 (a) | | | 
(b | | | =+com 
| 
etc, | | 
Constants of the slide callipers : 
Smallest scale diy.=---mm 
“vern. div.s=---scale diy.s 
Vernier constant=++1 sc. diy.— 1 vern. div. 
=-emm=em 
Zero error=+++mm( add/subtract ) 
Diameter of the fly-wheel in cm + 
{(a) and (b) are at right angles ] 
No. of | Main Sc. | Vernier} Value of Diameter} Mea Cor; y 
Obs reading | reading} Vernier =M + Vidiameter pe Radius 
5; SNORT V paing in cmj in em |D in cm] D=D 47 R=? 
o) =V xlo. vj | j t 
=| ae a oma Thin vara 
| } 3 
(b) 7 | 
2 
(b) | | | 
ete | | | 


PROPERTIES OF MATTER 75 


Load- twist data : 


Readings in degrees 


Total twist | Mean 


i r ist in 
Lond i Load (Pesta in degrees Be 


increasing ik decreasing | 


Obs. | Load 


z | - 
end I end IT al T lona T| end I End II|end qjenå IT $ 
| 


1 0 sa) Jove [ee 0 
2 +-(b) | (ba) | (b-a) 
3 s(e) | (c-a) | (=a) 
cial (a) | (a-a) | (d-a) 
5 (e-a) | (e-a) 


(f-a) | (f-a) 


Calculation. Plot the last column against the second to see if 
you geta good straight line passing through the origin. If not, 
find mean M and mean¢?. Plot this point and join it to the 
origin. This is the best straight line your data can give. 

Result: From the graph, when load (M)=+-g, twist p=? 


( degrees ) 
oe es 


<. G= 


` 


2 aaa ae i 
( g may be taken=980 cm/s? unless any other value is specified. ) 
Alternatively, use mean M and mean ¢ to calculate the result. 


Method followed. (A brief statement ) 

1. I levelled the instrument so that the suspended system. 
was free to turn without friction. í 

2. I measured the length and radius of the experimental wire. 

3. The diameter of the flywheel was then measured, and the 
reading with zero load was taken. 

4. To check that the elastic limit was. not exceeded I placed 
enough load on the pans to produce a rotation of about 270°. I 
then removed the load and checked if the initial reading was 
restored. I found it so. 
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5 Then I increased the load from zero to nearly the above 
maximum value in six equal steps, and read the pointer each time. 
The loads were then decreased in equal steps as before, and the 
pointer reading for each step taken. z 

6. A M—¢ graph was drawn to see how consistent the read- 
ings were. But in calculating the result I used the mean values of 


M and ¢ because this procedure was known to be’ the best accord- 
ing to the theory of errors in statistics. 


Precautions. (i) While taking readings care was taken to 
see that the system was in equilibrium and there was no friction. 


(i) A test was made to see that the elastic limit was not 
exceeded. 3 


3-3.1. Oral Questions. 


1. Define modulus of rigidity. 
What is a shear ?- How is the shear applied in this case ? 
3. How do you measure the strain in this case if 


How will the-twist change (a) if the length of the wire alone is increased, 
(b) if its radius is increased ? 


Answers. 


1, When a body is sheared the ratio of thé shearing stress to the shearing strain 
it producees is called the modulus of rigidity. 
2, A shear is a tangential 


stress applied parallel to, a plane of a body, 
* in twisting the w: 


ire we apply a Couple perpendicul: 
The plane of this couple is the plane of shear, 

8. Here we measure the strain by 
(free end) of the wire, 


4. (a) Eq. 3-3.1 shows that if Z alone is increa 
tely. (b) If alone is increased, ¢ 
4s, if 7 is doub'cd, @ will be 1/16 th 


Here, 
ar tothe length of the wire, 


the angle of rotation of the lower end 


sed, $ will incre; 
will diminish as the inverse fo 
e earlier value ). 


ase proportiona- 


urth power (that 


3-4. To determine the modulus of rigidity 


by the dynamica 1 method 
Description of apparatus 


f The simplest 

consists of ; ; “mplest type of apparatus 

section ia 2 i Te large solid metal cylinder of uniform cross- 
» Suspended by means of the wire, the modulus of rigidity of 
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which is to be determined. The wire is attached to a screw point 
at the top. The lower end of the wire is also attached to the 
cylinder by means of a screw so that the axis of suspension 
coincides with the axis of the cylinder. The whole instrument may 
be kept under a glass cover to protect it from draught. 3 

Theory. When a sufficiently heavy body is suspended by 
means of a wire ( weight of the wire being negligible compared 
to that of the body ) and is allowed to make torsional oscillations 
about the axis of suspension, the time period T of the oscillations 
is given by 

T=22 JTC (3-4.1) 

where I is the moment of inertia of the body about the axis of 
suspension and C, the torsional couple exerted by the wire when 
twisted through an angle of one radian. ‘ 

In the case of a wire of uniform circular cross-section and 
length l, C is given by the relation 


A 4 
=7Gr" ~ (842 
where r is the radius of cross-section of the wire and G its rigidity 
modulus. 


pos el or g= (3-4.3) 


Measuring /, I, r and T, G may be determined. 


If the body used is a solid metal cylinder of mass M and radius 
R and is allowed to oscillate about its axis, its moment of inertia 
is given by the relation 
I=4 MR? (3-4.4) 
List of apparatus. Rigidity apparatus ; rod with sliding 
pointer ; metre-scale.; screw gauge ; slide Calipers ; stop-watch. 
Instructions. (1) Detach the cylinder from its suspension 
and weigh it correct tol g by means of a rough balance. If the 
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cylinder is not detachable, the value of its mass should be available 
from the teacher-in-charge. Measure the diameter of the ‘cylinder 


with a pair of slide callipers and calculate the moment of inertia o 
the cylinder about its axis of symmetry. ; 


(2) Suspend the cylinder (if detachable) by means of the 
experimental “wire and measure the length of the’wire between the 
point of suspension and the point at which the wire is attached to 
the cylinder. For this purpose, use a rod with two sliding pointers 
on it, if available . 

(3) Measure the diameter of the wire by means of a screw 
gauge at six idifferent places along the entire length of the wire 
taking two readings at right angles at each place. As the expression 
for rigidity involves the fourth power of the radius, many more 
teadings have to be taken for it than for any other quantity 
involved in the measurement. The thinner the wire the larger the 
number of readings that should be taken, 
should be read to three significant figures, 
if possible. 


The screw gauge 
by eye-estimation, 


(4) Mark a vertical line on the surface of the cylinder 
and set up a pointer facing the vertical line when the cylinder is 
at rest. 5 

Twist the cylinder through an angle of about 60° and allow it 
to oscillate about the axis of Supension. Damp out pendular 
oscillations if there by any. Check your stop-watch for zero error 
and make allowance for it, if there is any. 
to adjust it.) Start the stop-: 


ons if T js 
The time for 
‘WO succesive 
e tip of the 
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Experimental results. 


Constants of the slide callipers € 


Smallest scale div. =: mm 
eyern div.s = °** scale div.s 


Vernier constant lsc. div. — 1 vern. div. 


= = mm = cm 
Zero error = --- mm (add/subtract) 


Diameter of cylinder: [la) and (b) are at right angles.] 
No. of Main Se. | Vernier | Value of Diameter | Maen | Corrected 
reading in | Sc. reading | vernier =M-+YV | diameter | diametert 
obs: cm (v3 reading in cm Din | Dinem 
M) | V=V x V.O. cm 
SK ray a Es 2 
` (b) | 
(a) r 
2. | | 
(b) | . Í 
ete. | | 
Ce ee eee eS a eee 
M. I. (I) of cylinder + 
Mass Diameter Radius (I) 
(M) (D) =iD | =1MR 
-g | “cm ~ | -cm 4 g cm? 
Length l of wire in cm 
2 3 Mean 


Obs. 1 
ee 


Reading 


Constants of the screw gauge : 
-+ full turns = 


Pitch (p) = +: mm 
Total circ. divs = = (n) 
25 Soar 


Least count (p/n) 
mm (add/subtract) 


Zero error = =: 
it I ag eae a Se Be B 
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Diameter d of wire inmm: [(a) and (b) are at rt. 


angles. ] 
No. of , Linear | Gir. Sc. Value of Diameter Mean | Corrected Radius 
ob. Se, rea- | reading | Cir. Sc. =L+V | diameter | diameter aud 
=  |dingin| (©) reading | in mm Min | d=a4% | 75 
mm V=(0)y mm in mm 
(Q) lle 3 


Periodic time T : 


eeaeee, 


No. of | Time for 30 fi Mean time (t) Periodic time - 
obs, T 


‘oscillations | for 30 osci- 
in s | lations in s 
I 
D H 
sath ie 80°” H 
8. ses, | 
a a S 
Result : 


Modulus of rigidity G= dyn/cm". 


Method followed : ( A short statement ) 


1. I determined the mass and diameter of the suspended 


cylinder, and calculated its moment of inertia I (=4MR’). I then 
checked if the suspended system was free to rotate. 

2. The length of the experimental wire between the upper 
and lower points of attachment was measured. The radius of the 
wire was carefully measured by taking---readings at different places. 

3. The periodic time of torsional oscillations of the wire was 
determined from a total of -+- oscillations. 

From these data I calculated G. 

3-4.1. Oral Questions, 
land 2. As in Sec, 3-3.1. 


8. How do you measure the strain in this case * 
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4. What factors control the periodic time of the torsional oscillations of the 
experimental wire ? 

5, What is meant by the restoring torque per unit twist ? What factors control 
this quantity ? $ 


6. Why do you take special care in measuring 7 and T ? 
7. Why is this method called a dynamical method ? 

8. Distinguish between pentular and torsional oscillations, What factors 
control them 9 

Answers : 

1 and 2. As in See. 3-3.1. 

3. The strain is not directly measured. 1¢ is involved in the calculation of the 
restoring torque, x ` 

4. The moment of inertia of the suspended system and the restoring torque 
due to the twist of the wire. A 

5. -When a wire is twisted, elastic forces are So set up within the wire as to 
oppose the twist. These forces constitute a couple, which is known as the restoring 
couple, The moment of this couple when the twist is one radian is known as the 


. retoring torque per unit twist. Its value is determined by the length and radius 


of the wire and the rigidity modulus of its material (Eq. 3-4.2 ). 
6. @ depends on'y~+ and 7-2, The contributions of the relative errors dir 


- and dTIT to the relative error dG/G in Gare respectively 4(dr/r) ana 2(d2]7). 


Since v itself isa small quantity the relative error in it is much larger than those 
inland I. Hence r requires to be determined with as high a precision as Possible, 
The relative error dT|T also requires to be reduced. Hence T has also to be deter- 
mined with a high precision, 

7. Because the wire under investigation is not in equilibrium during obser- 
vation, 

8 Pendular oscillations are like those of a pendulum, Gravity controls them. 


Torsional oscillations are angular oscillations about the Suspension axis, These are 
Controlled by the rigidity modulus, 


3-5. To determine the moment of inertia of a body about 
an axis passing through its centre of gravity 
Description of apparatus. In the method described 
below a simple apparatus is utilised to determine the moment ot 
inertia of a body about an axis which coincides with the axis of 
suspension of the body. 
` The apparatus consists of a light symmetrical frame, 
Suspended by means of a wire. Cylinders or Tectangular solids 


can beso placed inthis frame that the axis of suspension passes 
6 
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through the centre of gravity of the solid. This frame is called 
moment of inertia table. 

The whole apparatus is enclosed ina glass case to protect it 
from draught. í 


The time period of torsional oscillations of the suspended 
system depends on the moment ofinettia Io.of the system about 
‘the axis of suspension and on the suspension itself. - Io may 
be determined by noting the time period when another body of 
known moment of inertia about the given axis of rotation ‘is placed 
on the frame. This body may be one of regular geometrical shape 
(such as acylinder), the moment of inertia of which may bz found 
by calculation. When Jọ of the frame is known, the moment 
of inertia of any other body about the axis of suspension may be 
found by placing the body on the frame and noting the time period 
of torsional oscillations. To make sure that the axis about which 
the moment of inertia is required coincides with the axis of sus- 
pension of the m.i. table, the table should be marked with concen- 
tric circles and perpendicular diameters. 
Theory. Let Ig=moment of inertia of the frame about the 
$ axis of suspension, 
c=torsional couple exerted by the wire for a twist of one 
radian ( torque per unit twist ), 


=time period of a torsional oscillations of the cane alone. 
Then, the time period of torsional oscillations is 
To=2% JI fe (3-5.1) 
If I, is the known moment of inertia of a body about an axis 
through its c.g, then, when the body is placed on the moment of 
inertia table with the suspension axié coinciding with the above 
axis, the time period T, of torsional oscillations is given by 
: T,=2n2 Vo FL Ic (3-5,2) 
From equa'ions (3-5 1) and (3-5.2) we get 
fie 


To= 5 T_T? als 


To 


(3-5.3) 
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The moment of inertia I, of the experimental body is 
obtained by placing it on the moment of inertia table properly 
and noting the time period T,. 

T.=2% J Tot Iac - (35.2) 

Combining equations (3-5.3) and (3-5.4) 


Lapp es TR 


This measuring To, Tı and T, and knowing I,, I, may be 
found out. f t 

If the body of known moment of inertia is a tigbt circular 
cylinder of mass m and tadius 7, moment of inertia I, of the 
cylinder about its own axis is given by I,=mr*/2. We shall call 
it the test cylinder. [If the same cylinder is so placed that the 
axis of suspension passes through its c.g. and perp. to its own 


axis then I,=m it ry where / is the length of the cylinder. ] 


List of apparatus. Moment of inertia apparatus ; test cylinder ; 
body under investigation ; stop-watch ; slide callipers. 


Instructions. Make sure that the suspended table is horizontal. 
Twist the suspended system through an angle and allow it to make 
torsional oscillations. Damp out pendular oscillations of the frame, 
if there be any, by lightly touching the wire near its lower end by 
means of a soft felt or cotton pad. 4 

(2) Measure the ‘time for thirty oscillations or more, three 
times, by means of a stop-watch. For this purpose, observe transits 
of some fixed vertical line on the frame in the same direction across 
a pointer placed against its Position of rest. This reduces observa- 
tional error. i 

(3) Place the given cylinder of known or calculable moment of 
inertia on the frame and adjust as best as you can as that the axis 
of the cylinder is coincident with the axis of suspension and the 
centre of gravity of the cylinder also lies on it. Measure th 


2 time 
for thirty oscillations, or more, three times as before. : 
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(4) Remove the cylinder from the frame and place the experi- 
mental body on it so that the axis, about which the moment of 
inertia is to be determined, is coincident with the axis of suspension. 
Measure the time of thirty oscillations or more, three times. 

(5) Measure the mass m of the cylinder by means of a balance 
correct to three significant digits only and the diameter of the 
cylinder by means of a pair of slide callipers. 

Experimental results : 

(It is assumed that the moment of inertia of the test cylinder is 
to be determined from measurements.) 

Constants of the slide callipers = 

(Enter as in Expt. 3-4.) 

Diameter of the test cylineder : 

(Enter as in Ezpt. 3-4.) 

Moment of inertia I of the test cylinder : 

(Enter as in Expt. 3-4.) 

Time periods : 

“Load on the | Timo for 307) Mean eee 


Time for 30 Mean time for, 
frame oscillations 80 oscillations 


Time period 


Nil 


Cylinder 
(of known 

moment of 
inertia) 


Experimental 
thody 


Result. The moment of inertia I a of the body about the given 
axis passing through its centre of gravity is given by 


T IEA 
=a -To . TS rrrrereeng cm”, 
Method followed: (A brief statement) 


1. Ichecked whether the suspended table (cradle) on which 
the bodies would be placed was horizontal. It was then allowed 
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to execute free torsional oscillations. The periodic time To was 
found out. i 

2. The moment of inertia of the test cylinder about its own 
axis was found out by measurement. 

3. The test cylinder was placed on the cradle with its long 
axis along the axis of suspension. Its periodic time T, for torsional 
oscillations was then determined. 

4. The test cylinder was replaced by the body under investi- 
gation. The axis about which its moment of inertia was to be 
determined, was made to coincide with the axis of suspension of 
the cradle. The periodic time Ta for torsional oscillations was 
then determined. 

5. From the data so obtained the required. quantity (Ig) was 
calculated. 

Precautions. Take care to damp out pendular oscillations of 
the system, if any, before measuring time. (In measuring time of 
oscillations, the amplitude may be relatively large.) 

Unless the suspension axis passes through the c.g. of the body, 
the observed moment of inertia will be higher. 

If the oscillating system has no glass cover, see that the system 
is not disturbed by air currents. 
3-5.1 Oral qsestions. 

Define moment of inertia. 


Why is it necessary to mention the axis in the definition ? 
8. What is the radius of gyration 7 
4. Distinguish between torsional and pendular oscillations. Are the time 
periods of the two governed by the same factors ? 


5. About which axis haye you found out the moment of inertia of the experi- ` 
mental body ? 


6, What is the most serious source of error in this experiment ? 
Answers : A 

1, Moment of ioertia I of a body about any axis is the sum of products of 
the mass dm of each element of the body and the square of r, its distance from the 
axis, I=% r°dm. When a couple is applied so as to cause a body to rotate about 
an axis, the ratio of the moment of the couple to the angular acceleration produced, 
is the moment of inertia of the body about the axis, 


86 - : PRACTICAL PHYSICS 


9, For different axes; the same body has different moments of inertia. 
3. The moment of inertia I of a body of mass M about an axis may be expressed 
in the form I=Mk?. k is called the radius of gyration of the body about the given 
_ axis, So far as rotation of the body abont the given axis is concerned, we can replace 
` the extended body by a point particle of the same mass M, placed at the distance k 
from the axis. k depends on the position of the axis. 
4, See an:wer,to Q. 8, Sec. 3-4.1. 
5. (Say which axis, if it is mentioned in your question. ) 
6. To make the given axis of rotation of the body coincide with the axis of 


rotation of moment of inertia table. ( Unfortunately, there is no simple way of 


doing it.) 
3.6. To measure the surface tension of water with the help 

of capillary tube 
Theory. When a capillary glass tube of uniform circular section 
stands vertically in-water, water rises in the tube to a certain height, 
say h, above the free surface of the liquid. If r is the internal 


radius of the tube and P the density of water, then the surface 
tension ” of water is given by. 


y= {rpg (h+ar) i 
where g is the acceleration due to gravity. 
List of apparatus. Supplied capillary tubes; reference pin 4 


water vessel; plane glass strip; two adjustable clamps; plumb 


line ; travelling microscope ; small table of adjustable height to 
support the water vessel ; a pipette ; 


(3-6.1) 


spirit level, thermometer. 
Instructions. (1) You may be given three or four capillary 


tubes to work with. (Let us assume you are given three.) The 
inside and outside of the tubes must be absolutely free from grease 
Holding them with the fingers may contaminate the outside wit? 
grease. So better use a clean piece of: linen to handle them. 
Making the interior really free from impurities, Particularly grease» 
is a real-stiff job. You cannot properly be expected to make the 
inside grease-free. In sucha circumstance, the best thing to do is 
to seek the teacher’s advice. Whatever you do, the inside may 
have some grease contamination This will give you a much lower 


value of surface tension than the standard one. You should be 
prepared for it. 
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(2) Mount the tubes on the glass strip so that they are parallel 
to each other and project equally on one side of the strip (Fig. 3.6). 


Fig. 3.6 


Fix them on the strip by a drop or two of wax on each. The 
distance separating one tube from the other. should be at least two 
centimetres. Similarly, mount the needle pointer of known length 
parallel to the tubes so that its fine end projects a little less -than 
the projécted ends of the tube (See Fig. 3.6). 

(3) Hold the glass strip, with the tubes in a vertical plane, 
by two clips on stands. Check against a plumb line and make 
sure that the needle and the tubes are vertical. i 

{4) Suitably place a microscope so that its horizontal traverse 
is parallel to the plane of the glass plate. Level the bed of the 
microscope with a spirit leyel and make the axis of the microscope 
horizontal. Focus the eyepiece on the cross-wires. 

(5) If the length of the pointer is not known, focus the micro- 
scope on the lower tip of the pointer. Raise the microscope 
vertically and make sure that it reaches the upper end of the 
pointer. If the two ends are not on a vertical line, slightly rotate 
the glass strip in its own plane till they are so. Take the readings 
on the vertical scale of the microscope when the images of the 
lower and the upper tips touch that of the horizontal crosswire. 

(6) Place a glass trough free from grease on a stand, the height 
of which can be adjusted. So place the trough that the lower ends 
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of the tubes are inside it while the end tubes are at least 2 cm 


away from the edge of the vessel. Pour the water into the vessel 


till the lower end of the needle is completely submerged. Then 


remove some of the liquid by a pipette so that the liquid just touches 


the tip of the pointer. Use tap water. The water will now rise 


in the capillary tubes and reach different heights if they are of 
different diameters. 


(7) Record the temperature of the water by means of a 
thermometer. Adjust the microscope to brin g the concave meniscus 
of the extreme left tube into focus. Set the horizontal cross-wire 


tangential to the meniscus and read the vertical scale. Similarly 


take readings for the position of the meniscus in the other tubes 
as well as for the top end of the pointer. 


Note the temperature 
of the water again. 


(8) Hold the glass strip carrying the tubes in a horizontal 
plane such that the lower ends of the tubes face the microscope. 


Focus the microscope on an end. The circular cross-section of the 
bore of the capillary will be visible. Measure the horizontal’ and 


vertical diameters of the inner circle of the tubes, that is, of the 
bore of the capillary. Take at least two readings of each. 


Experimental results : 


Constants of the travelling microscope : 


Smallest scale diy, = . 


I “mm 
* vern, divs = +++ scale diy.s 
Vernier constant = 1 se, div. —1 yern, diy. 
= mm = + em 
(The vernier constant was the same on the horizontal ana vertical scales.) 

Length L of the pointer. 

No. of Readings in cm. of ; | 

a: Linem | Mean L 
if Lower end Upper end Aw~B in em 

M.S./ V. 8. {otal (A) 


M. 8.) V.8.) Total (B) 
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Temperature of water (°C).. 


Initial Final Mean 


Data for h. 


a 


Readings for tha | Readings for the 


ae alt Height /Mean 
concave meniscus in cm top end of the pointer in em of the h 
Tube liquid jin cm 
no, | Main} Ver- Total Main Ver- Total | 4—B! column 
' | scale] nier (A) | scale nier (B) _=C|7=L-C 
inem) in cm 
I ` 
z P | | 
a Ee a 
Radius of the tube (r). 
(a) and (b) readings for horizontal and vertical diameters} 
ae ee ee ae eS ee eee 
Readings in cm. of en 
i or ae Right or the Di a ee 
ower en upper e1id jia- |; Mean)/Mean 
Taveni Obs?) fee ahs e pper eii metor | dia- | ra- 
Main |: Ver- | Total | Main | Ver- | Tota1| C—D [meter | dius, 
scale | nier (C) | scale | nier 1D) ‘in cm | in cm (r) in 
Z : m4 om 
1. (a) 
(b) a 
I 
2. (a) 
(b) 
1. (a) 
(b) 
IL 
2. (a) 
ete, (b) > 
Result; 
m 
Tube Height h of Radius 7 of Axe Surface tension F 
No. | liquid column the tube Y=irpg(h +i) | in omi 
+ om ‘em ++. dynfem 
IL em | em ++ dyn/em 
ete. ete. k ete. ete. 


Mean ¥=--+ dyn/em 
. Surface tension of water at +++ °C = ++» dyn/cm. 
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Jurin’s law and graphs. 


When a liquid rises-in a capillary tube, Eq. 3-6.1 shows that 
the product hr is constant for a given liquid. This relation is 
known as Jurin’s law. Itis true if we ignore the volume of the 
meniscus. ; 4 

From observations it is found that the Product Xr is constant 
within the limits of the experimental error. 


Hence Jurin’s law. is 
verified. 


Jurin’s law can also be verified graphically. 
X-axis and halong Y-axis and if- the nature of the graph is a 


rectangular hyperbola, the Jurin’s law is true. We can also plot 


h vs l/r. In that case the graph will be a straight line passing 
through the origin. 


lf we plot y along 


Method followed: ( A brief statement ) 


1. The given capillary tubes an 


d the needle pointer were 
mounted Parallelly on a str: 


ip of glass at distances of 2 cm and 
fixed to the strip with wax. The lower end of the needle was about 
1 cm above the lower ends of the tubes. 


Tt was assumed that the gi 
ly the inside. The tubes wi 
They were not touched by the h 

2. The glass strip. was held horizontally b 
tubes and needle being vertical. The.empty water vessel was placed 
on an adjustable table below the tubes. Water was poured into 
it so that the level just teached the lower end of the pointer. 

3. A travelling microscope was set up with its horizontal 


travel parallel to the glass strip. Its vernier constants were 
determined, F 


y two clamps, the 


4, Readings were then taken of the various quantities as 


“recorded under ‘Experimental results’ and the final result 
calculated, s 


Precautions, (i) 


The greatest precaution had to be taken to 
avoid grease contam 


ination of the water and the inside of the 
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capillary. Complete removal of grease is a highly complicated and 
long process. So [ had to assume chat the water vessel and the 
supplied tube were grease free. I took particular care not to con- 
taminate them in any way, and handled them with a clean piece 
of linen without touching them with my fingers. 

(ü) Close to an obstruction, water rises along it. So I .kept a 
distance of about 2 cm between the walls of the versel and the 


tubes and pointer. 


(i#i) It is somewhat difficult to judge when the water just touches 
the pointer, Adjustment was made by keeping the level a little 
low initially and then adding water drop by drop from a pipette. 
The lower ends ‘of the capillary tubes were at least 1 cm within 
the water. x 

[Remarks. It is extremely difficult to avoid grease contamina- 
tion. The. student cannot-be expected to take effective steps to 
remove grease contamination from inside the capillary or from the 
water vessel. They should be supplied with grease free material. 
Fresh capillary tubes of diameter about 2 mm will be suitable. h 
will be around 2cm. Assuming grease free conditions, relative 
error in the result will be limited by that in r. With 7 1mm, 
dr|r may be greater than 2%. For a1 mm bore of the capillary 
dh/h will be about 10 times less. s 

Note on cleaning grease. To be reasonably sure that the 
capillary is free from grease, it should be immersed in strong 
chromic acid for 24 hours and successively treated with nitric acid, 
caustic soda and tap water. ; : 

A capillary tube drawn from melted glass tube is reasonably. 
free from grease as heat burns it out. Buta tube drawn by a 
beginner will be too oval for werk. ] y 


3-6.1. Oral questions. 


Define surface tension. What is the unit in which it is expressed ? 
Is there åny tangential force on the surface of the liquid ? 

Where does this force come from ? 

- What is the effect of temperature on surface tension ? 


we Sel bo or 
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5. When does surface tension yanish ? 

6: Define angle of contact. What is the value of the angle of contact between 
water and glass 7 i 
What causes the liquid to rise in the capillary ? 

Why is mercury depressed ? i 
Is it proper to measure the radius of the capillary at one end? Why do you 
take two readings at right angles ? 

If your vernier reading is in error by 0'02 mm what is the percentage error 
in the value of the radius of the narrowest tube you have used ? What is the 
percentage error in the shortest height you have measured of the rise ? 

11. Say from the aboye if it is more profitable to use wider tubes, 

Answers, i 


10. 


1. The free surface of a liquid behaves like a stretched membrane. It tends to 


contract. The tangential force acting across unit length of the surface is called the 
surface tension. It is measured in dynes 


per metre in SI units, 
2, A free surface of a liquid is un 
for the portions of the surface to 
when a liquid film is punctured. So ti 
8. The tension is an efiect | of 
molecules of a liquid ( 


per centimetre in cgs units, or in newtons 
der a state of tension, causing a tendency 
Seperate from each other. This is clearly seen 
here are tangential forces acting on the surface, 


the forces of attraction existing between the 
forces of cohesion ) 


4. Increase of temperature reduces surface tension, 

5, At the critical temperature, 

6. When a liquid meets a solid 
line to the liquid Surface, measured in 
the angle of contact, 


Briefly speaking, it is the angle at which a liquid meets a solid, 

7. Itis the force of attraction between the solid and 
(force of adhesion). When the effect of the 
the force of cohesion the liquid rises, 


the angle between the solid and the tangent 
a vertical plane within the liquid, is called 


the liquid molecules 
force of adhesion exceeds the effect of 


8. Mercury has a strong cohesive force, 
the free surface cannot be counterbalanced by 
is depressed in a glass tube. 


Its effect in reducing the area of 
the adhesive force, Hence mercury 

9; According to theory r in the formula is the radius of the capillary at the 
Point up to which the liquid rises, Properly speaking, we should cut the tube at 
that place and measure the diameter there. This will make the tube useless for 
a later use, Assuming that the diameter is uniform we measure that at the end. 

Two readings at right angles are taken to reduce t 
of the cross section of the tube. 
advice is to reject the tube. 


he effect of any 
Tf the two readings differ by 6 


oyalness 
% or more, the 
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10. If the radius of the narrowest- tube is 1 mm, the percentage error is 
(0.02 mm/1 mm)x100=2 (29%). The height of ascent in this case will be 


about 15cm. The percentage error will be (0.02 mm/15 mm) x 100=about 
0.1 (0.1%). 


11. It is better to use wider tubes ( See also ‘remarks’ at the end of Sec, 38-6.) 


3-7. To determine the viscosity of water by its rate of flow 
through a capillary tube (Poiseuille’s method) 
` Description of apparatus. The arrangement of apparatus for 
this experiment is as shown in Fig. 3.7. A is a constant level 
tank from. which water is allowed to flow through the horizontally 
held capillary tube C. Water enters the tank from a suitably 
placed larger tank whose temperature should be steady. To ensure 
a steady surface the inflow of water into the tank is adjusted by 
means of pinch-cock to be slightly in excess of the outflow through 


ỌIZIIZITII ITIITI LLL 


Fig. 8.7. à 


the capillary tube. The excess of water then flows out in a thin 
stream into the sink through the middle tube B. A cathetometer 
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is used to measure the height of water surface in the tank A above 
the outflow end of the capillary tube C. (For description and 
adjustments of the cathetometer see sec. 2-6.) : 

In using the cathetometer (Sec. 2- 6) c care must be taken to 
ensure that 

(1) The rod AB (Fig. 2.8) is truly vertical ; 

(2) The axis of the telescope is horizontal ; 

` (8). The object is accurately focussed on the cross-wires. 

_ The necessary adjustments are as follows : 

* (a) Turn the rod AB till the telescope is parallel to the line 
joining two of the levelling screws of the base. (Some catheto: 

` meters have two adjustable screws, the third leg being supported on 

a pin of fixed height. In such cases, the line to which the telescope 
is set parallel should pass through the fixed pin and any other 
screw.) The bubble of the spirit level will generally be found to 
be away from the centre of its scale. Bring the bubble halfway 
back to the centre by turning the screw F. 

For the other half turn the two base screws (those mentioned) 
by equal amounts in opposite directions at the same time until the 
bubble reaches the centre. (Note that these are the screws which 
form the imaginary line to which the telescope axis was set parallel. 
If, instead of two adjustable screws, you have a fixed pin and one 
screw, turn that screw only.) 


(b) Next rotate the rod AB through 180°. If the bubble is not 
at the centre, bring it halfway back by the screw’F and the other 
halfway by the previous two base screws. 


(c) Now turn the rod until the telescope is at right angles to 
the previous line joining the two base screws. Bring the’ bubble 
back to the centre by turning the remaining levelling screw at the 
base. 

In general it will be necessary to repeat the adjustments (a), 
(©), (c) several times. The bubble will finally remain in the centre, _ 
whatever the direction in which the telescope is turned, à 
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Theory. Leta liquid be allowed to flow in stream lines* 
through a horizontal capillary tube of internal radius r and length 
l. Assuming that the liquid moves without appreciable kinetic 
energy, the volume V of it which flows out in time t under a steady 
difference of pressure P across its ends is given by. 


a7Pr*t 
8in 
_%Pr*t__aPr* 
orn, w= 3 “3g (3-7.1) 


where 7 is the coefficient of viscosity of the given liquid, and Q its 
rate of flow, 


List of apparatus. Viscosity apparatus ; capillary flow tube J 
clamp for holding it horizontally ; graduated measuring cylinder 
(of say 250 cm? capacity); beaker; travelling microscope ; 
cathetometer : stop-watch ; metre scale. 

Instructions. (1) Take a capillary tube 1-2 mm in diameter 
and 40 to 50 cm in length. Clean it by passing dilute nitric acid 

- and then a strong solution of caustic soda. Finally tap water to 
flow through it for about five minutes. Dry it by passing hot air 
through it. 
(2) Mount the tube horizontally and measure the diameter 
of the capillary at both ends with a travelling microscope. Take at 
least six readings at each end, turning the tube by 60° at a time. 


(3) Measure the length of the capillary tube directly by means 
of a metre scale. 


Taking Reynolds number (N) as 2000, and substituting values in the equation 
Ve=Nn/pd, we find that for water at 20°C (n=0°01 poise) anda tube diameter 
(a) of 02 cm, %e=1mjs, The velocity of flow through the capillary is much 


smaller under reasonable laboratory conditions, Hence the flow is stream-line, 


~ 7 

#The relation 3-7,1. holds only when the flow of liquid is in stream lines, For 
capillary tubes, the limiting pressure which causes turbulent motion‘is so high that 
for all ordinary differences of pressure the flow may be taken to be in stream lines, 


which the liquid is issuing out. 
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- Having found r and /, arrange your apparatus as shown in 
Fig. 3.7. 


(4) Set up the cathetometer (vide § 2-5) at a distance and level 
it so that the pillar is vertical and the telescope axis horizontal. 
Find the vernier constant of the cathetometer scale. 


(5) Focus the cross-wires on the axis of the outflow end of the 
capillary tube and read the vernier and the main scale. Raise the 
telescope and focus it on the surface line of the liquid in the constant 
level tank and again read the vernier and the main ‘scale. Thus 
get the difference of pressure between the ends of the capillary tube 
in terms of the height (h) of the liquid column. Take at least 
two sets of readings to guard against gross error. 


(6) Record the temperature of the liquid in the constant 
level tank. As the capillary tube is horizontal, 
out of the tube may run a little back along the 
the tube making its collection difficult. In order to eliminate this 


difficulty, smear a little vaseline on the under surface of the tube 
near the openend taking care not to contam 


the liquid issuing 
under surface of 


inate the bore through 


(7) Allow water to flow out of the capillary for some time 
into a beaker. When conditions appear steady, place the measuring 
cylinder to collect water issuing out of the capillary tube and simul- 
taneously start a stop-watch. When about 200 cm° have been 
collected, remove the measuring cylinder and stop the watch. Also 
stop the flow of water into and out of the tank, 

Note the time of flow and the volume of water collected. 


(8) Change the height of the liquid by changing the level of 
liquid in. A. Take at least three sets of readings at different 
pressures. 


(9) Calculate the value of 7 by using Eq. 3-7.1 for each eli 


of readings. Also calculate ” by drawing h vs V graph. Record 
your data as follows. 
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. Experimental results = 


Constants of the travelling microscope. 


Smallest scale div.=-- 


‘mm 
-vernier div.s= -scale div.s 
Vernier constant= :--1 sc. div. — 1 vern. div. 


=--mm= "cm. 


(Both horizontal and vertical sca'es had the same constant. ) 
Diameter and radius (7) of the capillary bore. 


(2), (b' and (c) are readings for diameters at 60°. ] 


Readings in cm of 


Left end Right end 


End | Obs, | Main | Ver- | Total | Main | Ver- 


Total | Dia- | Mean Mean 


scale | nier iA) | seale | nier (B) meter | diam radius 
(ASB) r 
(a) 
I (b) 
(c) 
ecm | cm 
(a) 


Length 2 of the capillary glass tube. 
(The metre scale was placed at random) 
—— 
Left end | Right end 3 
| ie cen lin cm Mean l 


wre 


| § 
ee ee Eee ee ee T a o 
| Constants of the cathetometer. 

(Tabulate as for the travelling microscope) 


Constant height % of the water column providing the pressure P. 


Cathetometer readings in cm on 


3 Volu- 

| G, ; me of} Ti 

öt Water level in tank | Axis of outflow end water of. 
| obs. 


Main /(Vernier|Total] Main 


Collec |Collec- 
scal 
pie (0) | scale 


Vernier; 
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(1 took p=density of water=1 g/cm® and g=980 cm/s’. ) 
Temperature of the tank water. 
Initial temp.=---°C ; Final temp=---°C ; Mean temp. =" °C. 


4 
Calculations: Substituting values in the Eq. "= zar t, I find 


that 

(i) n=- poise 

(ü) 1=-++poise 

(iii) n= -poise 

Mean = = poise 
Result : The viscosity ' of water at-:°C is 
=- poise. 
( Poise is the unit of viscosity in cgs units. ) 


.- Method followed : ( A short statement ) 


1. I cleaned and dried the capillary tube, measured its length 
and also its diameter at both ends. 


2. The apparatus was then set up and the tube attached to it 
horizontally. 

3. The height of the water level in the tank was so adjusted 
that water came out of the capillary in drops ( not in continuous 
stream ). 

4, The cathetometer was set up. The vertical distance between 
the constant water level in the tank and the centre of the outflow 
end of the capillary tube was mearsured with its help. 

5 When conditions were steady, *'cm? of water were collected 
in a measuring cylinder in «seconds. The temperatures of the 
water before and after the collection were noted. The mean value 
was taken as the temperature of the flowing water. 

6. Three sts of readings were taken at different pressures. 

7. From the data so obtained, 7 was calculated, in each case. 
da e i (i) Inthe working formula, the radius of the 

pillary occurs in the fourth power. 


; Besides r is a 
small quantity, of the order of 1 mm. The rel 


tive error inr is 
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therefore large, and its contribution to the relative error in " is 
four times dr|r. The radius was therefore measured very carefully 
and quite a large number of readings was taken to keep dr/r as low 
as possible, 

(The relative errors in P, t, land V were much smaller and 
toughly of the same order of magnitude among themselves. ) 

(ii) The mean temperature of the flowing water was noted 
as viscosity varies rapidly with temperature. 

(iii) Except during collection, the water coming out of the 
capillary was held in a beaker so that it may not collect on the 
table or floor to soil it. : 

Remark. Viscosity of water at 25°C is about 0'009 poise, 


at 30°C, 0'008 poise and at 40°C, 0:065 poise. (See table in the 
Appendix. ) 


3-7.1 Alternative Method 


An alternative arrangement is as shown in Fig. 3.8. The 
capillary tube C is horizontal and is connected to two small chambers 
A and B, each of which has two more openings. D is a bottle 
containing water and is connected to A as shown. E and F are 


Fig. 8'8 


two limbs of a manometer connected respectively to A and B. G is 
kr 
a pinch-cock}which’can regulate the flow of water. The exit tube 
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for water, which is of indiarubber, should be constricted by a 
pinch-cock if the water level in F is not visible. 

D has a closed air-tight zubber stopper through which a piece 
of glass tube passes. Tbe lower end of this tube should reach a 
point will below the surface of water in D. Air bubb'es enter D 
through this tube as water flows out of D. The lower end of the 
glass tube in D remains at atmospheric pressure Hence the 
manometer maintains a uniform difference of level until the water 
in D falls below the lower end of the tube. 


The difference of pressure (P) between the two ends of the 


capillary is obtained from the difference in water levels between 
E and F. 


The procedure is the same as previously described, except 
that h may be measured from the scale Provided with the mano- 
meter. h should be noted from time to timeto make sure that it 


is steady. The volume of the collected water is found with the 
graduated measuring cylinder. 


3-7.2. Oral questions. 


1. Define coefficient of viscosity. What is viscosity due to ? 
2. What do you understand by the term velocity gradient 7 
8. What is stream-line flow ? 


4, Is it essential for your experiment that the capillary tube should be horizon- 


tal? Should it be a capillary too ? Will there be any harm if a tubo of wide boro 
is used? Why? 


5. How does temperature affect viscosity, particularly that of water ? 

6. Define the ‘Poise’. 

7. What is Reynolds number ? How is it used in determining if the -flow is 
streamline ? 


Answers. 


1. It is the tangential force 


per unit area per unit velocity gradient. In other 
words, 


» it is the force acting parallel to unit area inside a liquid when the liquid 

layers are in relative motion, and the rate of change of velocity at the layor in 

question is 1 cm/s per unit distance normal to the plane. 

a raphe ie anata of momentum from a faster moving layer to a slower moving 
i ect is to slow down faster layers and speed up slower layers. 
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2. Tf there is relative motion between parallel layers and dv is the difference 
of velocity between two parallel layers a small distance dz apart, then the quantity 
dv/dz is called the velocity gradient at the layer. It is the rate of change of velocity 
perpendicular to any layer under consideration. 

3. Fluid motion which can 
stream-line flow. 


be described in terms of stream lines is called 


A stream line in the field of motion of a fluid is such a line in the field that 
the tangent to the line at any point gives the direction of motion of the fluid parti- 
cle at the point. (It is similar to eletric or magnetic lines of force. ) 

4. Yes, Poiseuille’s equation was established on this assumption. If the tube, 
of length J’, is vertical ( say ), then a term l’gp is to be added to P in Poiseuille’s 
formula. 

The formula assumes that the pressure difference P at two ends of the tube is 
entirely spent is overcoming the viscous forces between the moving layers. No part 
of it should be spent in giving the liquid kinetic energy. In a tube of wide bore it 
is not possible to fulfil these conditions. 

6. In all liquids, viscosity diminishes with rise of temp. Tn oils, the change 
is very rapid. In water, it is about 0°90 centipoise ( 107? poise; cP ) at 25°C and 
0'8 cP at 30°C. (See ‘Remark’ at the end of See, 3-7 or the viscosity table in the 
Appendix.) 


6. The poise is the cgs unit of coefficient of viscosity. It is the force in dynes 
acting tangentilly on unit area of a liquid layer when the velocity gradiont at the 
layer is 1 cm/s per centimetre. 

7. Reynolds number is a dimensionless combination vpd/_ applied to a liquid 
flowing through a cylindrical tube, when v=velocity of flow, p=density of liquid, 
d=diameter of the tube and =coefficient of viscosity of the liquid. Experiment 


shows that so long as this number is 2000 or less the velocity is streamline, 


Test yourself. 


1. Why should  ( the raidus of the tube ) be determined with particular care, 
and a large number of readings taken ? 

[ Hint: See under ‘Precautions (i). ] 

2. Tfallthe readings of r are the same, what does it mean ? What will be 
the number of significant figures in your result then ? 

[ Hint: Itmeans that the random errors are ‘scale-limited’, that is, less than. 
one smallest scale division. See Sec. 1-5 and 1-5.1] 

3. Whatis the number of significant digits in your result? If this is to be 
increased, what should be your advice ? 


CHAPTER 4 
HEAT 


4-1. To measure the coefficient of linear 


expansion with a travelling microscope 
(Description of apparatus. The experimental material is 
taken in the form of a tube, about one metre long and 3-4 cm in 
diameter. It should be covered all over with felt except for a 
small portion at each end, which should be bare. A very fine line 
perpendicular to the axis of the tube is ruled on cach of these bare 
portions (Fig. 4.1). They serve as fiducial marks between which 


Fig. 4.1 


the expansion is measured. The tube tests on two V-grooves 
fixed to a table. Each end of the tube is closed by a tight-fitting 
cork through which passes a thermometer and a glass tube for 
admitting steam. The steam leaves through a short tube soldered 
near about the middle of the experimental tube and is condensed 
into a vessel containing water. 

Two low-power microscopes are fixed on the table near the 
ends of the tube. They can be moved by micrometer screws in 
a direction parallel to the axis of the experimental tube. The 
microscopes are provided with cross: wires in the focal plane of the 
eyepiece and are used for measuring the expansion.] 

Theory. Ifl, and l, are the lengths of a rod at temperatures 
t1°C and ts°C respectively, then mean coefficient of linear expansion 


$ 
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of the material of the rod between the above temperatures is defined 
by the relation 
lial 
qe 
I a(to sr ta) 
A tube behaves as a rod so far as expansion is concerned. It 


expands in all dimensions with rise in temperature. 
List of apparatus. Expansion apparatus fitted with two tra- 


per °C 


velling microscopes; two thermometers ; boiler, burner, rubber 
tubes ; metre scale. 

(Instructions. (1) Measure with a metre scale the distance 
(Lı) between the two lines on the tube at the room temperature. If 
necessary, use a rod with two sliding pointers for measuring this 


length. 


(2) Insert a thermometer each at both ends of the tube through 
the hole in the corks. Push each well into the tube, but see that 
tke mercury meniscus is yet visible and the thermometer scale 
is in a readable position. Connect the experimental tube by 
rubber tubes to the boiler and the exhaust for inlet and outlet of 
steam. Take the readings of both thermometers. The mean of 
their values is taken as the initial temperature (tı C). 

(3) Determine the least count of the micrometer scales. 

(4) Focus the eyepiece of each micrometer on its cross-wires. 
While doing so use the eye without accommodation (i.e. look into 
the microscope as if you want to see something at a long distance). 
Bring one of the microscopes near to the centre of its range of 
motion. If necessary, push the experimental tube slightly to bring 
the fiducial mark at this end in the field of view of this microscope. 
Focus the microscope on the mark and bring the junction of the 
cross-wire into coincidence with it. See that there is no parallax 
between the cross-wire and the image ofthe mark. Take the micro- 
meter reading. To avoid error due to backlash of the micrometer 
screw, the microscope should be moved outwards (i.e., towards the 
end of the tube) while setting the ccoss-wire on the mark. 
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Focus the other microscope on the reference line at the other 
end ina similar way ; but in doing so do not displace the experimental 
tube in any way. Take the micrometer reading! 


(5) Heat the boiler and allow steam to enter both ends of the 
tube freely. After you see steam coming out of the exhaust, read 
both thermometers of intervals of 5 minutes. The heating of the 
tube increases its length. The marks are therefore displaced 
away from their positions. When you find that the temperatures 
have been steady for 10 minutes, read bath thermometers. The 
mean of their values is the final temperature te. Then slowly turn 
the micrometer at one end outwards until the cross-wire is again 
coincident with the image of the mark. Take the micrometer 
teading. Do the same thing at the other end. 

Turn off the gas under the boiler.] 


Experimental results : 


Initial length of the rod (l1). (Scale placed at random) 


Obs. Left end 
cm 


Right end Length Mean l, 
cm cm 


O ha 


„eom 


Constants of the micrometer, 


Smallest scale div. = ---mm 
<.. full turns = --mm 
Pitch (p) = ---mm 

Total circ. div. = --(n) 


Least count (pjn) = "mm 


(Both micrometers have the same constants,) 
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Micrometer readings. 


3 Micrometer readings in mm % 

3 = 2 835 
6 Initial Final os eas 
S E aen 
a JiS 0S. | Total | uS. | O.S. | Total | AS ges 


Readings of the thermomete:s. 


At intervals of 5 minutes 
during heating 
in °C 


Steady |Mean final} Temp, riso 
value temp (fa) | (¢,-¢1) 


Result. Mean coefficient of expansion between 


++ °C (initial temp.) and --- °C (final temp.) 


P haa e ee re 
lilta ~ta) pee 


Method followed. 


(1) I measured the distance between the two reference lines on 
the experimental tube near its ends and below the microscopes. 

(2) The apparatus was fitted up and the initial temperatures 
noted. 

(3) The micrometer constants were determined, and the 
micrometer readings corresponding to the reference lines taken. 

(4) Steam from the boiler was allowed to pass through the 
metal tube. Readings of the thermometers were taken every 5 
minutes until they were steady. The steady temperatures were 
recorded. 

(5) Each microscope was again focused on the reterence line 
under it and the new position of the line noted from the micrometer. 

(6) From the data so obtained the result was calculated. 
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Precautions. 1. Back-lash of the micrometer screw must be 
avoided. For this purpose the microscpe was always made to move 
outwards in setting the cross-wires on the mark. 

2. Sometimes steam does not enter freely at both ends. The 
reason may be that the inlet pipe at one end has sagged, there-by 
allowing steam to condense there and choking the pipe. The inlet 


pipes were therefore so connected that they gradually sloped down 
from the boiler to the inlet ends. 


3. After the initial reading of a microscope had been taken, 
the experimental tube was not disturbed in any way. 
4. Care was taken that the water in the boiler was enough to 
last the experiment. 
Oral questions. 
1, Define the coefficient of linear expansion. 
2. Why do you call your result the mean coefficient Of expansion v 
3, If you measured the lengths in inches, would the value of the coefficient: 


come ont different? Would it be the same if the temperature were measured 
in F? 


4, If the tube were solid, would yon get the same value of a 7 
Answers. 


1, The coeffieient of linear expansion of a material is the expansion per unit 
length of it for 1° rise of temperature. 


2. When the expansion pe 
a fair distance apart, the coe: 
temperatures. 


r unit length is measured between two temperatures 
fficient is called the mean coefficient betweon those two 
The increase per unit length per unit rise of temperature is not 
constant throughout the temperature scale. 

8, The coefficient involves the ratio of the increase in length 


to the original 
length. Hence if lengths 


are measured in the same unit, the ratio will be inde~ 
pendent of the unit of length. The value will be the same whether 
measured either in inches or in centimetres, 


temperature. 


lengths are 
But the value will depend on the 
1°F is § of 1°C. So 1° F will causo less expansion and a will be less, 

4. A body, whether solid or hollow, expand in all dimension, Hence a is the 
same for solid and hollow tubes of the same size. 


4-2, To measure the coefficient of linear expansion with 
an optical lever 
Description of apparatus. 


The experimental material, in 
the form of a rcd (R, Fig. 4.2), 


Stands vertically in a cylindrical 
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tube covered on the outside by felt to prevent loss of heat. This 
tube has two side tubes for the insertion of thermometers, and two 
others for inlet and outlet of steam. 

The experimental rod projects just -eyond the cork at the top 
of the outer tube. The frame supporting the tube carries a thick 
glass plate with a hole at its centre. The forward leg of the optical 
lever (See Sec. 2-7) rests on the top of the experimental rod, while 
the other two rest on the g’ass plate. The mirror should have its 
plane vertical. 

A telescope-and-scale is fitted up at a distance of several feet in 
front of the mirror (See Sec. 2-7): 

Theory. Ifl, and ls are the lengths of a rod at temperatures 
ta°C and t,°C respectively, then the mean ccefficient of linear expan- 


sion of the material of the rod between the 


above temperatures is defined by the relation 
a= per °C (4-2 1) 
To measure the increase in length la -ta=x 
of the rod by an optical lever, let p=length of 
the arm of the optical lever, dı and d.=the initial 
and the final values of the scale readings coinci- 
dent with the cross-wires of the telescope, d= 
difference of the values of dı and da, D=distance 
between the mirror and the scale (measured 
normal to the mirror). 
Then the rotation of the mirror=x/p. The 
angular change of the scale reading is twice this 


S 


WN 


SEE 


WG 


value. 5 
Fig. 4.2 
2t or I, -h=ax= oh XP. (4-2.2) i 


List of apparatus. Expansion apparatus 5 optical lever ; two 
thermometers ; metre stick; diagonal scale; dividers : telescope- 
and-scale ; table lamp (with a shade on one side) ; boiler ; burner ; 


rubber tubes. 
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Instructions. (1) Take the experimental rod out of the tube 


and measure its length with a metre scale. Place it in position and 
insert the thermometers (with their scales ina convenient, read- 
able position). Next, make connections to the boiler. 

{2) Place the optical lever in position with its mirror vertical, 
Arrange the telescope and scale in position. In making the final 
adjustments (for details see Sec. 2-7), focus the eyepiece on the 
cross-wires and bring the image of the scale into coincidence with 
the cross-wires avoiding parallax. (The eye should be used without 
accommodation.) Raise or lower the telescope, or adjust the tilt 
of the mirror until the cross-wires coincide with the image of a 
scale reading lying about 5 cm below the centre of the telescope. 

(3) Note the scale reading (d,) which coincides with the cross- 
wires. Read both thermometers. Their mean value is ti. (In 
taking the thermometer readings do not touch the thermometers 
or tbe frame supporting the rod, as this may displace the mirror.) 

(4) Light the burner below the boiler. The rubber tube from 
the boiler to the inlet should go in a gradual slope so that condensed 
water may not collect in between. After some time start reading the 
thermometers at intervals of 5 minutes. Asa check note down 
also the corresponding scale reading on the cross-wires. When the 
temperatures and the scale reading appear to be steady for ten 
minutes, take them down as the final values. 


Put out the burner. Measure the distance from the mirror 
to the scale horizontally with a tape. 

Take an imprint of the supporting points of the lever on a 
Piece of stiff paper and measure p. (For details of this measure- 
ment see Secedj. 2-7. The imprint and the details of 
finding p are to be record.) 

Experimental Results : 


Initial length of the rod (t). 


construction for 


® | & 


om | "vom "cm 


heare a 


(iii) Mean 


——. 
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Temperature record, 


ie ee a E ee) le 


Upper Lower Scale 
thermometer thermometer reading 
ee 5 
Initial values S (da) 
Values during 
heating p 
(i) 
(at intervals 
of 5 minutes) 
(ii) 
(ii) 
Final steady F 
values 7 eela) E) 


Values for optical lever. 

Distance between mirror and scale (D)=secm 

Change of scale reading=di—de=d =*+cm 

Effective-length (p) of arm of the optical lever (measured with 


divider and diagonal scale) 


G) (ii) | Gii) Mean 
p= | Fe 
Initial temp. (t2)=3(ta'+t1") =C 
Final temp. (te)=3(to’ + ta”) =C 
Result. 
h-L=8 x p=" cm 
T LRE e G 
and a = per °C. 


Method followed. (1) I measured the length of the experi- 
mental rod with a metre scale. It was then placed in the jacket, 
the thermometers were inserted and the apparatus fitted, connec- 
tions were made with the boiler. 

(2) The optical lever was placed in position and the scale and 
telescope fitted up in front of it properly. 

(3) The initial temperature of the rod was noted. The scale 
reading (d,) in the optical lever corresponding to the initial tempera- 
ture was noted, 
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(4) Water in the boiler was put to boil. Thermometer 
readings were taken every 5 minutes until they were steady. 

(5) The scale reading (da) in the optical lever was noted when 
the temperature became steady. 

(6) The burner was put out. The horizontal distance D 
between the scale and the mirror of the optical lever was measured 
with a tape. 

(7) The optical lever was now placed on a piece of stiff 
paper and a sharp imprint of the points of its legs made on it. They 
formed an isosceles triangle. The height (altitude) of this triangle 
was measured with the help of a pair of dividers and a diagonal 
scale reading up to 0'1 mm. 

(8) From the data obtained, the value of « was calculated. 


Precautions. (i) After the initial reading d, had been taken 
the mirror and the telescope-and-scale were not disturbed in any 
way- 

(ii) p, the length of the lever arm, was measured carefully as 
an error in it would cause the largest error in the final result. 

(ii) Care was taken to see that the rubber tubes from the 
boiler sloped gradually to the jacket and did not sag much any- 
where. Much sagging of any of the tubes will choke it with 
condensed water, and steam will not pass through it. 


Oral questions 
1, Explain how the optical lever works, 


2, Ifyou have two optical levers, one with a longer arm and the other with 
a shorter one, which would you prefer for your work ? Why ? 
3, What is the magnification produced by the optical lever 9 


mangification’is the ratio d/t, which is equal to 2D/p). 
Answers 1, (See Sec, 2-7.) 


(Note—The 


2. The one with the longer arm. @ is proportional to the 


length of this arm 
(Was 4-2.1 and 4-2.2). The longer the arm the less the relative error in it, and 


hence in the result 


3. (State the value of 2D/p from your data.) 
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4-3. To determine the coefficient of apparent expansion of a 
liquid by the weight thermometer method. 

(Note. A weight thermometer is an instrument for measuring 
the apparent coefficient of expansion of a liquid relative to a con- 
taining vessel by determination of the amount of liquid expelled 
from the vessel on heating through a measured temperature inter- 
val. A specific gravity bottle may serve as a useful weight thermo- 
meter.] 

Theory. If m, and m, are the masses of the given liquid 
which fill the vessel completely at temperatures tı and t, respec- 
tively, then the mean coefficient of apparent expansion Ya of the given 


liquid between these two temperatures is given by 


Mı — Moa 


AAN (4-3.1) 


Ya 


List of apparatus. Specific gravity bottle, experimental liquid, 
thermometer, bunsen burner, tripod stand and wire gauge, 
bath, stand, thread, blotting paper, soft dry linen. 

Instructions. 1. Takea clean, dry, empty specific gravity 
bottle (with stopper) and weigh it to the nearest decigram. Fill 
it with the experimental Jiquid at 
the room temperature, stopper 
lightly, wipe dry and weigh. Note 
the room temperature. 

2. Suspend the bottle in the 
water bath so that the stopper 
keeps a little out of the water. 
Bring the water in the bath slowly 
to the boiling point and keep the 
vessel at this temperature for at 
least 10 minutes. Soak out with 
a piece of blotting paper the 
liquid that has come out of the capillary mouth of the stopper. 

3. Remove the bottle from the bath, wipe it dry and allow 
ait to cool to the room temperature. Weigh it. 


water 
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Experimental results : 


Weight (W) of empty vessel 
Siepe vee been ene gs 
Room temperature (t;)=-+:°C, 
Weight (WV a) of vessel completely filled with liquid at 
temperature tı C=" +e Heem og 
Constant higher temperature ts at which bath was 
‘maintained=-+-°C 
Weight (W3) of vessel completely filled with liquid at 
temperature 5. =e eem eg 
Weight of liquid which fills the vessel at 
temperature ta C (m.)=W,-Wi="8 
Weight of liquid expelled when the vessel is heated from t, to te’C 
li.en (m, — ma) of Eq. 4-3.1]=W, -W =- 6 
Coefficient of apparent expansion 


Sp Teg n W.-W, maon °C 
Sits (tatats) W720)" oe oe 


Oral questions 


1, Distinguish between the coefficionts of true and apparent oxpansiom 
ofa liquid. What are you measuring in this case ? What is the relation between 
the two coefficients ? 

2. What is the unit, in which the coefficients are expressed ? Does the value 
depend on the units of length, mass, volume and tempesature ? 

[ Hints to answers : 1. If Y is the coefficient of real expansion, we ordinarily 
take Y =Ya +Y, where Y, is the coefficient of volume expansion of the material 
of the container. But detailed calculation shows that in the case of a woight 
thermometer Yy =Y a +(m, lma) Yy 

2, Tho value depends on the unit of temperature. } 


4-4. To measure the absolute coefficient of 
expansion of mercury 


Description of apparatus. A commonly available form F 
shown in the adjoining figure. The tube containing mercury 1$ 
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bent into the shape of a rectangle, the open ends being brought 
together near the middle of the upper arm. The longer vertical 
Portions are surrounded by jackets, 
in which thermometers can be 
inserted, A jacket should also 
Surround the shorter vertical tubes 
which are close together, The 
tubes are mounted on a vertical 
wooden frame. 

For measuring heights, a catheto- 
meter is preferred. If it is not avail- 
lable, a travelling microscope sh:uld 
be used for measuring the difference 
in level of the Mercury at the top. 
A metce scale may be used for GpnnareR 
measuring the total vertical height 
of the colder mercury column. By 
Careful handling the error arising Fig. 4.4 
Out of the use of a metre scale may be kept within 05%, 


-7-7-7-0 --=------ 


Theory. We assume that the longer cold and hot vertical 
limbs are at temperatures tı and fta, and their Tespective heights 
are hı and ha. Both shorter vertical limbs are assumed to be at 
the same temperature ts, while the colder limb has a height h,’ and 
the warmer, hs’. The densities of mercury at the three temperatures. 
are respectively 1, Pa, Ps. 


Since the hydrostatic Pressure exerted by the hot and cold limbs. 
must be equal, we have 


haPag thi Psg=haPog-the'Pag, 
If v, is the coefficient of absolute (or real) expansion of mercury, 
then P1 =Pa{1 +7, (ta —t1)} and Ps=?P; 1+, (ta —ts)}. 
Substituting these values in the former relation, we get 
hilly, (te =t} +h’ {1+7 (ta —ta)} 
=heths' {L+”, (ta ts). 
8 
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If th2 cross-tubes are hozizontal, hi=he, then 


ha =h 


2 : 4-4.1 
w hilte —ta) —(he h1”) (te ts) ( ) 


If further tı=ts, the above reduces to 


ino’ — hy’ 
{ha —(he 


y= 


PC, Ls eee 4-4,2 
= Ha} Gata) ec) 


(It is important that the hot and cold limbs be vertical and the 
cross-tubes horizontal. If hixh., ‘an 
introduced). 


indeterminate error is 


List of apparatus. Expansion apparatus, cathetometer (or 
travelling microscope and metre scale), thermometers, two pieces 
of blotting paper (or thin linen), water dripping arrangement, 
arrangement for supply of steam through one jacket and water 
through the other one (or both). 

Instructions. 1. Fill the boiler about three-fifths with water 
and pacz it over the burner for the water to boil. Connect the 
boiler to the inlet end of the steam jacket of the apparatus. 
The exhaust steam should be led into a suitable vessel for con- 
densation. 


2. Dzsip cold water on tothe two pieces of blotting paper 


wrapped round the horizontal limbs near the steam jacket, 


2. If your arrangement permits, circulate water from th2 tap 


through th? other jacket (or jackets, if there is one enclosing the 
two short upright tubes). If this is not possible, you have to leave 
these limbs exposed to the air. (In the latter case, you have to take 
tı=ta= room temperature. This may introduce a small error.) 

4. Ifthere is provision for inserting thermometers into the 
jackets, introduc them. Record ft. at intervals of 5 min. until 
it is steady. Note tı and ts. 

5. Adjust the cathetometer (Sze Sec. 2-6) so that its pillar is 
vertical and the telesco.e axis horizontal. Determine the vernier 
consta1t. Use it to measure the heights hı and hs, and alsoho'—h1’, 
when this difference becomes steady. 
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Tf no cathetometer is available, use a metre scale for measuring 
hı and ha (ha for a check). [Measure distances between the axes 
of the horizontal tubes near the cold limb (for hı) and those near 
the hot limb (for ha). For (ha’—hı'), usea travelling microscope 
placed on a suitable platform and properly levelled.) 

Use formula 4-4.1 or 4-42 as may be applicable. (The table 
below is drawn up for hı =h, and t1=t5.) 

Experimental results : 

Determination of vernier constant : 
Smallest scale div.=++-mm 
“scale div.=---vernier diy, 
Vernier constant = 1 scale div.— l vern. div. 
=a e 
Telescope readings : 


Readings of Mercury in cm. 


Meniscus 
On the axes of SAURO 


(c)—(d) 


rhe (steady value) _lsse E 
Lower Upper la <a | Sy 
; sold i i EN x 
tube (a) | tube (b) | C4 timb Boe Aine SSS| ae 
| oh aor) ees 
| ee in | 
ol AEA Te os 
Blades ilas] mse) .s 
"jejej jajag | = 
AZ Jaja aad ed Fal bet | 


Temperature of th2 cold limb (t1)=+°C 
Steady „ hot 3, (t.)=++-°C 
Mean coefficient of expansion 


faa 
Te) Oe eae 2 4 =e s 
ame ha Goh) PEC 


Precautions. 

(i) The cathetometer must be carefully levelled. The same 
a plies to the travelling microscope when this is used.) 

(ii) The steady condition must be reached. 
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(iii) Cross-tubes must be efficiently cooled. 


(iv) There must be no parallax between the cross-wires and 
the image. 


Under “Method followed” give a short descripticn of what you 
have done. As the apparatus may not be the same in diferent 
laboratories, we leave the ‘write-up’ to the student. 


Oral qnestione. 


1. Distinguish between the real and apparent coefficients of expansion of 
a liquid. Which one you determine in this experiment ? 


2, How is it that the expansion of the vessel does not affect your result ? 


8. Will the result alter if (a) the lengths were measured in inches, (b) the 
temperatures were measured in °F 9 


5 


4, What are the common sources of error in the experiment ? 
5. Why do you cool the cross-tube ? 


6. Why do you measure the height of the mercury column from the axis of 
of the cross-tube ? 


Te 


What is parallax? Why is it necesary to avoid parallax between the 
cross-wires and the image ? 


Answers.! 


1, The coefficient of (volume) expansion of a liquid treated independently to 


the expansion of the container is the real or absolute coeff. of/expansion. Considered. 
relative to the expansion of the container it is the apparent coefficiont. The former, 

2. Change of temperature changes the density of aliquid. This change is 
independent of the nature of the container. 


Hence density changes are related 
to the absolute coefficient of expansion. 


3. An expansion coefficient independent of the unit in which the length, 
area or volume is measured. But itis proportional to the unit of temperature 
difference. Since 1°F=(5/9)°G, the result will be reduced by (5/9) if the fahrenheit 
scale was used, 

4, Theerrors depend on the type of appratus used, 


e In the one described 
here h, may not be equaltoh,, Also h, and h, are Generally not at the same 
temperature. Since the temperature along each of the vertical tubes varios from. 
Place to place, assumption of a uniform temperature over one portion and another 
temperature over another portion are assumptions. Their non-fulfilment introduces 
an undeterminable error. Besides, 


: heights should be measured from the lowest 
portion of the lower cross-tube. ; 


5. To minimize mixing of hot and cold mercury, 
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6. It provides a convenient refence position. If there are convection current 
it is easy to treat them assuming the warm current to be above the axis and the 
cold current below it, 


T. Parallax is the difference in position between an image and a close-by 


object, or between two images which are sought to be formed at the same place, 
Since a height is equal to the difference in the two positions of the crorss-wire, it is 
necessary that the images of points between which the vertical distance is to be 
measured form images coincident with the cross wires. 


4-5. To measure the coefficient of increase of pressure of 
air at constant volume 


Description of appapatus. The apparatus consists of a 
bulb B (Fig 4.5) connected by means of a capillary tube to a wider 
glass tube W. H is another glass tube of relatively wide bore, open 
at both ends, and serves as a mercury 
reservoir. W and H are connected together 
by a thick-walled Indian-rubbe tube and 
may be raised or lowered along a vertical 
stand to which they can be clamped. 
By raising or lowering H, the level of 
mercury in W can always be brought 
up to a certin mark P near the junction 
of W and the capillary tube. The mark 
usually consists of a pointed index fixed 
inside W. A threeway tap enables the 
bulb to be filled with dry air. A large 
beaker or copper vessel containing water 
is so supported that B may be completely 
immersed in the water. A scale is fixed to the stand between W 
and H. From it the difference of level in W and H can be 
measured. The entire apparatus is supported on levelling screws, 
which are adjusted to make the scale vertical. 


Fig, 4.5 


Theory. When the temperature of a given mass of gas is 
increased, but its volume is kept constant, the pressure increases. 
For each degree celsius increase of temperature, the pressure 
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increases by a constant fraction of the pressure at 0°C. This 


fraction is called the pressure coefficient (7») of the gas at constant 
volume. If 


P.=pressure at 0°C, 
P=pressure at t°C, 


then P=P,.(1+yvt) 
seo 5.1) 
or Yu Pot (4 5, 


List of apparatus. Constant volume air thermometer ; large 
water bath ; Bunsen burner ; tripod ; thermometer ; stirrer. 

Instruction. (1) Surround the bulb B by a water bath at the 
room temperature. Immerse a thermometer in the bath. Stir 
the bath and allow the bulb to acquuire the temperature of the 
batb. Adjust the position of H so that the mercury surface in 
W touches the pin P. Read the levels of mercury in W and H. 
The use of a set-square may be helpful in taking these readings- 
One edge of it is placed parallel to the scale and the other edge 
(at right angles) set tangential to the mercury meniscus. 

Note the bath temperature and the height of the barometer. 

(2) Heat the bath slowly until the temperature rises by about 
8°C. Keep the bath temperature constant near about that value 
for some time by manipulating the flame of the burner. Owing 
to expansion of air you will find that mercury has been forced 
downin W. Raise H and bring the mercury back to the index. 
Stir the bath well. Carefully adjust the mercury level in W so 
that it just touches P. Read the level in H. Note the bath 
temperature. 

(3) Repeat the above observations at intervals of $° to 10°C: 
Take at least six readings At each value of the bath temperature, 
hold the temperature constant for at least five minutes, preferably 
longer. Be careful to stir the bath well. 

(4) At the end of the experiment lower the reservoir H a little 


below its initial position, as otherwise mercury may be drawn into 
B when the bulb cools. 
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(5) Preferably read the barometer again at the end of the 
experiment. Take the mean of the barometric heights. 

Remember that the pressure of the gas in B at any temperatu'e 
is equal to the barometric height plus the difference of mercury 
levels in W and H at that temperature. 


(6) Calculate the pressure (P) corresponding to each bath 
temperature (t) and plot P against t ona graph paper. [ In plotting 
the graph the value of the temperature at the origin of the co- 
ordinate system should b2 0’C, as it is required to find the pressure 
corresponding to 0°C from the graph. [he value of the pressure 
at the origin may be taken to be 63 cm of mercury or thereabouts, 
since the zero-point pressure is ordinarily likely to be above this 
value] Draw the best straight line through the points plotted 
[See Sec. 1-16, (vi)] and find Po from the graph by extrapolation. 

The graph represents the relation between the pressure and 
temperature of the experimental gas a: constant volume. 

Take any convenient point on the graph, preferably corres- 
ponding to a large value of t, and substituting its cc-oridnates in 
Eq. 4-5.1, find the value cf Y». 


Experimental results : 


Barometer values. 
vernier constant : 


Smallest main scale division=+++mm 
*-main scale div.=---vernier div. 
Vernier consant=-""mm=---cm 


Barometric height : 


—_e—e————ee eee. 


No. of M.S. Vv. S. Total | Mean (h) 
obs cm em em | cm 

Initial | 

Final | 


SS 
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Pressure—temperature record : 


Tempera- Position of Position of Excess | Total 
ture of mercury level| mercury Pressure | pressure 
Ope: the bath jat index point | level in (h’ cm | (P=h+h' 
(in °C) (in em) reservoir of Hg) | cm of Hg) 
(a) (in em) (b) (b) - (a) ! 
| 


A P—t graph ( last column against second column, <) is drawn. 
[ Note: If the mercury level in H is lower than that in W, 
h’ is negative. | 


Result. 
From the graph, pressure Po at 0°C=---cm of mercury 
and P at -° C=.. 5 
i ARZE T Oo 
E Ta Pot per °C. 


Method followed (1) The bulb was surrounded by a water 
bath. The mercury reservoir was adjusted so that the mercury 
touched the pin near the capillary at the room temperature. The 
bath temperature, the position of the mercury level in the two 
limbs and the barometric height were noted. 

(2) The bath temperature was raised by steps of about 8°C, 
and held constant at each level for at least 5 minutes. The mercury 
reservoir was raised till the mercury in the other limb touched the 
index pin. The constant bath temperature and the Positions of 
the mercury levels in the two limbs were noted for every value 
where the temperature was kept constant. A total number of ++ 
readings ( at least six ) was thus secured. The burner was put out. 

(3) The mercury reservoir was lowered to a value a little lower 
than its initial level. The barometer was read again. 

(4) The gis pressure P was calculated in centimetres of 
mercury for each constant temperature t: P was then plotted 
against t, and the value of Po corresponding to 0°C obtained from 
the graph. Taking some other point on the graph X» was calculated, 
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Precautions : 
(i) The bath temperature was held constant for at least five 
minutes. 


(ii) The bath was well s:irred. 

(iii) The scale was vertical. 

(iv) In reading the mercury levels parallax was avoided. 

(v) The mercury reservoir was lowered at the end of the 
experiment to avoid suction of mercury into the bulb. 

N.B. (a) The value of %» so obtain is uncorrected for the 
expansion of the bulb. This correction is unnecessary for class- 


work, 

(b) As students often find it difficult to maintain temperatures 
above 60°C constant, some teachers prefer rises of temperature by 
5°C at a time instead of 8° to 10°C advocated in the text. 


Oral questions. 


1. Define the pressurescoefficient of a gas. Does it depend on the mass of the 
gas or its pressure? On what factors does it depend ? Why do wo insist on the 
yolume remaining constant ? 

2. Suppose mercury is replaced by water in this experiment. Will yow object 
to it ? What are your grounds ? 

8, Why should the air in the bulb be dry ? 
4, Why do you use a narrow tube connecting B and wW? 
5. Will there be any harm if the index were placed well down W ? 


Answers, 
1. The pressure coefficient (at constant>volume) ofa gasis defined as the 


constant fraction of the pressure at 0°C by which the pressure of given mass of gas 


increases at constant volume for each degree celsius rise of temperature. (Bee 


Theory). 

Tt does not depend on the mass of the gas. 
pressure. As the initial pressure is reduced Yy for a 
1/273 per°C. Yv depends slightly on the nature of the gas and its initial pressure. 

A change in volume alone will also change the pressure (Boyle’s law). Here 
we want the effect of temperature alone on the pressure. Hence volume has to be 


But it depends slighély on the initial 
11 gases tends to the same value, 


kept constant. 
9. There are two grounds for opposition in using water, (a) The water 


column has to he 186 times higher than the mercury column used for measuring 
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pressure. (bt) Water in the tube will staturate the gas bulb. 
expansion will not be that of dry air. 


3. Moist air has a pressure coefficient dependent on the amount of water 
vaponr presens per unit volume. 


So the otserved 


4, To keep the dead space between B and W as small as possible. The tem- 
perature of this portion is uncertain. It is not that of B. 
5. Tt 


ll increase the volume of the dead space, and introduce an error in 
the resnli which will be very difficult to estimate, 


4-6. To measure the coefficient of volume 
expansion of air at constant pressure 


Description of apparatus, It consists of 
a U-tube AA (Fig. 4.6), one end of which 
is open to the atmosphere, while the other 
end has a bulb B attached -to it. The bulb and 
apart of the stem of A adjacent to B are 
graduated in cubic centimetres. At the 
middle of the U-tute is attached a short tube 
C fitted with a stop-cock. The U-tube is 
surrounded by a water bath which can be 
heated by steam passing thrcugh a copper 
tube E (or steam may be passed through an 
open glass tute dipped in the bath). The 
bulb B and part of A are filled with the 
experimental gas, which stands over concen- 
trated sulphuric acid in A. The acid keeps 
the gas dry. A thermometer immersed in the 
bath reads the temperature. A stirrer is used 
to stir the water. 

Theory. If the pressure of a given quantity 
of gas is kept constant and the temperature 
is allowed to change, the relation between the 
volume and the temperature can be expressed in the form, 

Vi=V (1+ vot) (4-6.1) 
where 1; is the volume of the gas at tC, Vo is the volume at 0°C 


Fig: 4.6 
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and Yp is a constant coefficient, called the coefficient of expansion 
of volume at constant pressure (or the volume coefficient ). 
Vi-Vo 
La re (4-6.2) 

List of apparatus. Expansion apparatus ( constant pressure 
air thermometer ) boiler and accessories for steam heating, strong 
sulphuric acid in beaker, small funnel, thermometer. 

Instructions. 1. If necessary, pour strong sulphuric acid in 
the open limb of AA until the acid stands at a slightly higher level 
than in the closed limb. Open the stop-cock C slightly and allow 
the acid to run out of the tube drop by drop (and collect in a 
beaker ) In this way adjust the acid levels to the same height in 
both limbs. 

2, Insert a thermometer in the bath surrounding the tube AB. 
Stir the bath well. Take the reading corresponding to the top of 
the acid level in the closed limb. This gives in cm? the volume of 


the gas in the bulb at the temperature of the bath. Read the 


thermometer. 
3, Allow steam to pass through E and stir the bath well. As 


the temperature rises, the gas in B expands and pushes down the 
acid, which rises in the other limb. When the temperature has 
gone up by about 8°C, cut off the steam, stir well and equalise 
the acid level in the two limbs by running out some acid through 
C. After the steam has been cut off, the temperature is found 
to rise by a small amount, remain stationary for some time and 
then fall. Read the temperature and the volume when the former 
is stationary. Stirring should be vigorous. When reading the 
volume the acid levels must be adjusted to equality. 

4. Pass the steam again and raise the temperature by a further 
8°C or so. Repeat at this tempetature the same adjustments and 
take readings as mentioned in the last patagraph. Take at least 
six suc? readings at different temperatures. 

5. Plot the volume against temperature, and from the graph 
find Vo by extrapolation. From the graph take a value of the 
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volume (I7;) corresponding to a high value of t and substitute Vo, V, 
and ż in Eq. 4-6.2 to g2t vp, 


6. Note the atmospheric pressure before and after the experi- 
ment. A change in it will produce a chang? of volume even if the 
temperature is constant. 


Experimental results : 


Atmospheric pressure : Enter as in 4-5. 


Volume-temperature record : 


( Draw the gra ph of volume against temperature ) 
From the graph, the volume (Vo) at 0°C=... cm? 
volume (V;) at -°C (=... cm’. 


ali = Do _ tee kg 
Yp Dat per °C. 


Precaution. It is necessary to keep the temperature constant 


for several minutes in order that temperature equilibrium may 
occur between the gas and its bath. 


Oral questions, 


1. Why do you use sulphuric acid in the tube? Will it do if mercury was 
used ? If water was used ? 
2. Shovld the two limbs of tho tube be of the s 
be the harm if the open limb had @ very small diame’ 
8. Do you consider it necessary 
after the experiment ? Why ? 


ame diameter ? What would 
ter ? 


to note the barometric pressure before and 


4. On what factors does the volume 


of the gas depend ? 
5. What is Charles’ law for gases ? 


6. Distinguish between the volame-coefficient and pressure-coefficient of a 
gas, 
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Answers. 


1, Itis necessary to keep the gas dry. Expansion of water vapour is larger 
than that of air, 


2. Tf the bores are rather narrow, say of 2mm or less in diameter, they should 
have the samo diameter. If the bores are large they need not be the same in 
diameter. Unequal bores will not matter until capillary effect makes its presence 
felt. A narrow bore shows capillary effect depending on its diameter. 

3. Yes, it is necessary. The volume of a constant mass of gas depends on the 
pressure even if the temperature is constant (Boyle’s law). 

4. Volume of a given mass of gas depends both on its pressure and 
temperature. 

5. At constant pressure, the volume of a given mass of gas is proportional to 
its absolute temperature. (Or, use any equivalent form.) 

6. Tho volume coefficient ( Yp ) of a gas is the fraction of the volume at oC 
by which the volume increases per °C rise in temperature, the pressure remaining 
constant. 

Tho pressure coefficient ( 7,,) of a gas is the fraction of the pressure at 0°C by 


which tho pressure increases per “O rise in temperature, the volume remaining 
constant. (The subscript, p or v, shows which parameter remains constant.) 


4-7. To determine the thermal conductivity 
of a metal using Searle’s apparatus 
Description of apparatus. Searles apparatus (Fig. 47) 
for the determination of the thermal conductivity of a metal, 
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such as copper, consists of a thick, polished bar of the metal, about 
5 cm in diameter, and 20 cm in length, surrounded by dry felt and 
enclosed in a wooden box. It is fitted at one end into a cylindrical 
chamber A through which steam can be passed. Near the other 
end a spiral B of thin copper tubing is fixed on the bar. A stream 
of cold water may be passed through the tubing The tempera- 
ture of the water as it enters and leaves the tube is indicated by 
the thermometers Ts and T,. 

Holes are drilled in the bar at C and D, a known distance apart, 
and thermometers T, and T, are placed in tubes fixed in these holes. 
The holes should contain mercury to ensure good thermal contact. 

Steam passing through A maintains one end of the bar at 
100°C. Appreciable loss of heat from the curved sides of the 
bar is prevented by the felt packing as well as the polish of the 
surface which reduces radiation loss. 
The water circulating through B 
maintains that end of the bar ata 
lower temperature. This temperature 
is kept steady by sending a steady 
stream of water through B from a con- 
stant-head apparatus. It consists of a 
cylindrical can ( Fig 48, provided 
with three tubes, one for the inlet (I) 
one for the constant-head (E), and the 
third (F) for connection to B. The can 
is placed at a convenient hzight throu- 
ghout the experiment. The -inflow 

Fig. 4.8 is faster than the outflow. The excess 
water flows through E into a sink. 

Theory. Let a steady temperature gradient be maintained 
along a bar of cross-section A. Then the heat Q flowing through 
any cross-section of the bar in time t is given by 


Q=Kan te, B 


(4-7.1) 
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where K=thermal conductivity of the material of the bar, and 
9, and 6.=temperatures at two places on the bar separated by 
.a distance d. 

If this heat raises the temperature of m g of water from 9, to 04, 


then Q=m6,-8,.. 
Kad, %=0, m, sts (47.2) 


List of apparatus. Searle’s conductivity apparatus, four 
‘thermometers, steam passing requisites, water flow requisiter,a 
Pair of dividers and a diagonal scale, slide callipers, graduated 
cylinder, stop watch. 

Instructions. Place the boiler, about three-fourths full of 
water, on the burner for the water to boil but do not connect to 
the steam inlet of the apparatus at this stage. Whi'e steam is 
‘being formed carry out the following : 

1. Open the box and measure the diameter of the rod with a 
pair of slide callipers at several places. 

2. Measure the distance d between the centres of the holes 
{ C and D ) by means of a pair of dividers and a diagonal scale. 
Take several readings. 

3. Insert the four thermometers in position. If necessary, 
put mercury in the holes Cand D. Close the box. Connect the 
steam inlet to the boiler, Lead the exhaust steam into a suitable 
vessel containing a little water. 

4. Connect the constant water-head apparatus correctly to 
the watei-tap and the inlet end of the copper tubing. Allow the 
overflow water from the can to run into a sink. At this stage the 
Outgoing water from the cold end of the main apparatus may be 
led into the sink. 

Use a pinch-cock on the rubber tube connecting the can and the 
apparatu:, Close this pinch-cock and open the water-tap. When you 
find the overflow from the can running into the sink, open the 
Pinch-cock and adjust it until the outflow from this tube is about 
5 cm® per s2cond. [This may be observed by means of a graduated 
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cylinder and a stop-watch. Such a preliminary adjustment of the rate 
of flow is helpful but not essential. See that there is no leakage of 
water at the corks through which the thermometers Ts and T4 pass. 

5. Note down the temperatures of all the thermometers at 
intervals of 3 to 5 minutes until you find that they are steady (for 
about 10 minutes). The difference between 64 and 8; should be 
about 10°C. If it is tco small or too large, the rate of flow of 
water should be altered accordingly. 

Any alteration in the rate of flow affects the readings of T,, 
Ta and T4. Hence, the time-temperature record has to be continued 
until the steady condition is again established. 

6. After you have reached a satisfactory steady condition, 
collect about 500 cm® of outflow water from the apparatus and note 
the time required for the collection. The mass of this water may be 
found by weighing, but you may, without loss of accuracy, measure 
its volume with a graduated cylinder and take 1 cm® to weigh 1 g. 

7. If time permits, the rate of flow of water may be slightly 
altered, so that 0, — 0s still lies between 10° and 15°C and another 
collection made. The two sets of data should be used indepen- 
dently for determining K. 

Experimental results : 
Constants of the callipers : 
Smallest scale div.= mm 
«scale div.=+++Vernier div. 

= Vernier constant=I s -1 y=-mm=-cm, 

Zero error=---cm (to be added/subtracted) 

Correct readings for the diameter of the bar (in cm): 


No. of | Main scale | Vernier} Value of -| Diameter Mean Corrceted 
obs. reading in |reading| vernier — in cm diameter diameter 
cm reading in, in cm Din om 
cm ~~ 
a es di Emote atl |. ASE 
1 (a) 
(b) 
2 (a) 
(b) 
ete. 
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Distance between centres of the holes (measured, with dividers 
and diagonal scale) : 
© (i) Gü) Mean 
=d A --em (d) 


Thermometer readings (in °C) : 


Time 0, | 04 s A 
(in minutes) | 
0 AP | ads ae z 
9 ... see S.s ... 
s 12 ae ce vE z 


(Continue the record until all readings remain constant for three 
successive intervals.) 
Mass of water collected in-s (=g (m). 
Area of cross-section of the rod= x(D/2)? 


= 4 . bab, m 
Š x(D|2)° 01—03 t 


= -calorie per sec. per cm per °C. (cal s~2 cm-2 °C-2), 


Method followed (brief statement) : 

Water in the boiler was first put to boil. The following. 
steps were then taken. 

1. The diameter of the metal rod under investigation was 
measured, 

2. The distance between the centres of the two holes in the 
rod was measured, 

3. The steam chamber was connected to the boiler. The 
water supply was connected through the constant-head apparatus 
to the inlet end, and thermometers inserted. 

4, The temperatures of all the four thermometers were noted 
at intervals of---minutes until they were found to be Steady. These 
steady values were used for calculation. 


9 
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5. In the steady state, the time for collection of:**cm® of water 


was noted. 
6. Fron the data so obtained the result was calculated. 


Oral questions 


1. Define the thermal conductivity. What is its unit in the c.g.s. system ? 
ry to insulate the bar thermally and to polish 


2. Why is it considered necess 
its surface ? 

3. Is tht method applicable without modification to bad conductors ? Why ? 

4. What is the temperature gradient in your experiment 7 

5, In deriving the formula what has been assumed regarding the direction of 


flow of heat ? 


Answers. 


1. Thermal conductivity of a material is the amount of heat flowing acros 
unit area per unit time when the temperature gradient is unity. The unit in the 
«ogs system is calories per centimetre per °C per second. 

2. In Scarle’s experiment, all the beat should pass from one end of the bar 
to the other. No part of it should be lost by radiation and conduction through 
the sides. 

Radiation and conduction are minimized by polishing the bar and covering 
it by non-conducting material, 

8. The method cannot be applied, without modification, to bad conductors, 
as very little heat would pass axially through a thick cylinder of poorly conducting 
material. Ths thickness of the cylinder must be reduced. 

4. The temperature gradient is ( @:—@.)/d. 

5. In deriving the formula, it has been assumed that the lines of heat flow 
are perpendicular to the cross-section of the tube. In other words, the heat flow 
ig axial ( that is, parallel to the axis of the cylinder ). 


CHAPTER 5 
SOUND 


5-1, Sonometer (Monochord). The sonometer required 
for our purpose is a monochord as shown in Fig. 5.1. It consists 
of a hollow rectangular wooden box witha steel wire stretched 
above it. One end of this wire is fixed toa pin and the other 
passes over a pulley attached to the box and carries a scale pan. 
Weights are placed on the pan to provide adequate tension to the 


Fig. 5.1 


wire. The vibrating length of the wire can be adjusted by means 
of two wooden bridges with sharp metallic edge over which the 
wire passes. A metre scale is fixed parallel tothe wire. The 
bridges can slide along the scale and thus alter the length of the 
wire between them. 

When the wire vibrates, its vibration is communicated 
through the bridges to the board on which they rest. The board, 
so thrown into forced vibration, forces the air inside the hollow 
of the box to vibrate. These vibrations are communicated to the 
external air through the openings in the sides of the sonometer. 
The intensity of thesound directly derived from the string or the 
board is feeble. 
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3-2. To draw the n—I curve and hence to find 
the frequency of a tuning fork 

Theory. For a given tension, the frequency (n) of a fork is 
inversely proportional to the length / of the sonometer wire which 
is in unison with the fork. 

næ 1/1, provided the sonometer wire remains at the same tension. 

So if a graph is drawn with the frequencies of known tuning 
forks along the X-axis and the corresponding lengths for resonance 
along Y-axis, the curve will bea rectangular hyperbola. A ‘graph 
of 1/1 against n will be a straight line. The unknown frequency 
n’ of any fork may then be determined from the graph by finding 
the length of the sonometer wire with which it is in unison, 


Note, It is much easier to work with straight line graphs 


than with curves. The scatter of the experimental points about 


the straight line clearly shows you how well the experiment has- 
been performed. The Tectangular hyperbola cannot do this. In 
joining the experimental points by a smooth curve, you have much 
latitude in guiding the curve. You cannot judge how the final 
curve agrees with a rectangular hyperbola.) 


List of apparatus. Sonometer, hanger with requisite number 


of slotted kg or 1 kg weights, a set of five forks of known 
frequency (forks of frequencies 256, 320, 284, 426, 512 Hz form a 
standard set), a fork of unknown frequency (within the Tange of 
given frequenceis), striking rubber pad. 

Instructions. Take a set of tuning forks of known frequen- 
cies covering the range in which the frequency of the unknown 
tuning fork may lie. Commence work with the fork of the lowest 
frequency. 

1. Place a weight of, say, one or two kilograms on the hanger 
of the sonometer and move the bridges almost to the opposite ends. 
Pluck the wire and also strike the tuning fork against the rubber 
pad to set them into vibration. Compare the sounds emitted by 
them and satisfy yourself that the pitch of the tuning fork is higher 
than that of the wire. 
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Slide the vibrating fork along the wire starting from one 
bridge towards the other, lightly touching the wire all along 
with the central region of one of vibrating prongs. During this 
Process you will hear a sharp cracking sound when the fork reaches 
a Particular point of the wire. Move the bridge from which you 
started to this position. The length between the bridges now 
approximately equals the length for unison. If necessary, reduce 
the load on the pan so that this length is relatively large. 


Then place the vibrating fork with its shank on the wooden 
board near one of the bridges and slowly alter the distance between 
the bridges until the stting vibrates with maximum amplitude. 
To facilitate your work, place a rider (a very light piece of folded 
Paper of the shape of /,) on the wire in its middle. When the tuning 
fork and the wire are in unison, the vibrating fork will set the wire 
into vibration and the rider will be thrown off. 

If you now set both the tuning fork and the wire simultane- 
ously into vibration and listen to the sound from both, you will 
probably hear beats. It may require a little training of the ear to 
recognise them. Slowly alter the vibrating length until the heats 
disappear. You then have unison. 


2. Now measure the length of the wire between the bridges, 
Make three independent adjustments and take the mean. 

3. Keeping the same tension, repeat your observations with 
the other forks of known and unknown irequencies and find the 
corresponding lengths for resonance. 


4. Plot points on a squared paper with the frequency as 
abscissa and the corresponding length for resonance as ordinate 
and draw the graph. If the points do not lie on asmooth curve, 

y draw the best curve through the points such that the sum of the 
vertical distances of the points above the curve equals that below 
it. From the graph find the frequency of the unknown fork. 

| (Also draw a curve of 1// against n and use this too to find the 
| unknown frequency.) 
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Experimental results : 
Weight on the scale pan=":kg. 


No, of Frequency of BY x 
“Obs, the fork (n) L (n cm) Mean J (in cm) 
Om | 


1 (ii) 


(2) 
2 (ete.) | (ii) 


Draw a graph of the fourth column against the second. From 
the graph the frequency of the given tuning fork = -per sec. 

Note. 1. The reciprocal of ! plotted against n will give usa 
straight line. It will be easier to draw this graph, which Passes 
through the origin, and hence to find n’. In the reciprocal do 
not keep more than three significant digits. Known values of n 
have as many (3 significant digits). 

2. Unless you reach a state of near unison by hearing and try 


the rider method from the beginning, you may get a Pseudo-reso- 
nance at half the proper length. 


This will completely vitiate your 
work. Be careful about it. 


Method followed ( a brief statement ) : 


1. With the fork of lowest frequency and a load of «= kg for 
tension, I found by trial, an approximate length for Tesonance. 
Resonance was perfected by removal of beats on finer adjustment. 
This was repeated thrice. The mean length of wire for resonance 
was noted, together with the frequency of the fork. 

2. With the ‘tension unchanged, the operation was repeated 
for all the other forks, including the unknown one. 

3. A curve was drawn of l against m, the frequency. The value 
of n obtained from this graph corresponding to the value of] for 


the fork of unknown frequency, gives the unknown frequency of 
the fork. 


4. Another graph was drawn, plotting 1/1 against n. This 
was a straight line passing through the origin. The unknown 
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n value was determined from this graph also. This value is More: 
reliable. 

[ Note. In drawing the straight line graph (n vs. 1/1) we have: 
the origin (0,0) as one point. The best experimental point is. 
U, n (mean values ) These two points define the best straight 


line the data can give. See Sec. 1-16(a).] 


Oral questions 


1. Can you give examples of both forced vibration and resonance from your 
experiment ? 

2. What part does the sonometer box play ? 

8. State the laws of vibration of a stretched string. 

4. What do you understand by the fundamental and overtones of a note ? 
What kind of overtones does a stretched string produce ? 

5. Will there be resonance if you double or halve the length between the bri- 
dges, while other factors remain unaltered ? 

6. How dees the turning fork communicate its vibrations to the board when 
you press the shank on the latter ? 


Answers, 


1. When the vibrating fork is pressed on the sonometer board, it throws the 
board, the string and the air inside the box into forced vibration, On proper adjust- 
ment resonance occurs between the fork and the wire only. 

2, A vibrating string or fork is poor radiator of sound energy. The sono- 
meter box increeses the strength of this sound by forced vibration. 

3, (Remember the formula »n=(1/2l) N/m, and state the laws with its 
help.) 

4, A ‘note’ is a musical sound, generally consisting of several vibrations of 
different frequencies. The vibration of the lowest frequency is called the ‘funda- 
mental’, The rest are called ‘overtones’. ‘The overtones of a stretched string have 
frequencies which are integral multiples of the fundamental frequency. 

5. There will be a kind of resonance we sometimes call psewdo-resonance, 
that is, false resonance. The amplitude cf vibration increases but not to the 
same extent as at true resonance, 

When the length is half that at true resonance, the fork supplies energy to the 
string in every alternate vibration. For double length, it is supplied in each half 
yibration. ‘ 

6. As the fork vibrates, both its prongs simultaneously move outward or 
inward. The bend to which the stem (or shank) is attached moves up and down 
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with the frequency of the fork. When the stem is pressed on the board, ìt exerts a 
periodic downward thrust on the board with the frequency of the fork. 


5-3. To determine the frequency of a 
fork with a sonometer. 
Theory. Let the fork produce resonance with a length lof 
the sonometer wire under tension T and having a mass m per unit 


length. The frequency n of the fork is related to these quantities 
by the formula 


LiF 
n= 7 (5-31) 
List of apparatus, Sənometer, hanger with a set of slotted 
$ kg or 1 kg weights, the fork under investigation, a striking rubber 
pad, a sample of wire thesameas the sonometer wire, metre scale, 
accurate balance, weight box. 
Instruction. 1. Ascertain the weight of the hanger. Place 
a trial load of 1-2 kg on the hanger. Remove the bridges almost 
to the ends of the scale. 
2, Pluck the wire and strike the fork alternately to make 
sure that the wire has a lower pitch than the fork. 


It necessary, 
reduce the load on the hanger. 


3. Having made sure that the wire has a lower frequency 
(pitch ) than that of the fork, gradually reduce the vibrating 
length of the wire until the wire and fork appear to have nearly the 
same pitch, (Some students may not be good judges of pitch, 
They can use a very light A-shaped rider on the wire. 
resonance it will be thrown off. ) 

4, Beats may be heard in this condition, By finer adjustment 
of the bridges the beats should be reduced to zero. The wire and 
the fork are now in resonance, 


At close 


5. Measure the length of the wite between the bridges ( either 
from the sonometer scale or with a seperate metre scale, whichever 
is convenient ). Disturb either of the bridges and re 
resonance. Measure the length. 
this way. 


Set to perfect 
Get altogether three readings in 


SOUND 137 


6. Now increase the load on the hanger by, say, $ kg. Reso 
nance will now take place at some greater length of the wire. Find 
three exact resonating lengths in the same way before. 

7. Operation 6 may be repeated with a further increase in 
load, if time permits. Do not use too short lengths. The relative 
error will be higher. 

8. Take thesample wire, measure its length, and find its weigh 
carefully to the nearest milligram. It is necessary to have 3 
significant digits in the value of m, and as many in / and T. 


Tabulate data as follows ° 
Experimental results : 


Weight of hanger =---kgf (W’) 


Obs. Load (W) on Resonant Mean Tension T 
hanger (kgf) length (? cm) 1 =(W+W’) 
in em kgt 
1 (i) 
(ia) 
(iii) 
2 (i) 
(ete) (ii) 


(iii? 


Mass per unit length of the sample wire (m) : 


Length (L) of the Mean | Mass (M) of the Mass per unit 
sample wire L Sample wire length m=M/L 
in om in em g glem 
(i) Egg 
(ii) (seeps beg 
(iii) ee 
Calculation : 
Obs. | (om) | T=(W+W)x9.8x108Ayn | fem |? TUNTI) tHe 
1 
2 
etc. 


Ea 
Result: Mean value of n=---Hz. 
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Method followed ( a brief statement ) : 


1. With a load of -+ kg onthe hanger, I found by trial ar 
approximate length for resonance. Resonance was perfected by 
total disappearance ot beats. Three independent settings were 
made for the same load, and the mean value was used. 

2. Operation 1 was repeated for other loads. 


3. Mass per unit length of the sonometer wire was determined 
from the sample wire provided. 


4. The result was calculated in the way shown. 
[ For ‘Oral questions’ and ‘answers’ see those under Sections 
5-2 and 5-4, | 
5-4. To determine the density of the 
material of a wire with a sonometer 


Theory: Whenatuning fork of frequency nis in unison 


with the fundamental of a string of length / the frequency of the 
fork is given by 


ibe pr 
ay NI Im, 


where T is the tension of the string measured in dynes and m is its. 
mass per unit length. 
T 


m= Arn 


If P is the density of the material of the wire and r its radius, 
then 


m=sr"P 
i 
oo Oana (541) 


Knowing n and determining T, r and J, P may be computed. 


List of apparatus. Sonometer, hanger with requisite weights, 
a fork of known frequency n, striking pad, metre scale, screw 
gauge. 

Instructions. Measure the radius of the wire bemoans cha 
screw gauge in the usual way. 
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Determine the lengths for resonance with different tensions 


as in the last experiment and find the mean value TII. 
Record your data as follows and calculate P from Eq. 5-4.1. 


Experimental results : 


Constants of the screw gauge ? 
-~ full turns=-++mm. 
Pitch (p)=---mm. 
Total circ. div. s (n)= -= 
Least count (p/n)=-~mm. 
Zero error=--:mm ( to be added / subtracted ) 
Diameter (d) of the wire ( in mm )+ 
[ (a) and (b) are at right angles ] 


No. of Linear fc. cir. se. 


value of Diameter of Mean 
obs reading reading cir. sc. the wire diameter (d) 
(cm) reading (em) (cm) (em) 
Í oe ROR | 
1, (a) | | 
(b) | 
cte. | | | 


Corrected d=+*"mm +- ( zero error ) 
aa 
r=d]2= -~= cm. 
Frequency of the given tuning fork n=- Hz. 
Weight of the hanger= + kgf. 


No.of | Tension | U(inem) | Mean? Ti? Mean 7” /1? 
Obs.  (T}in kgf 
( 
1 (ii) 
(iii) 
(a) 
2 (ii) 
| Gii) 
m l — — 
| G) 
sesmil (i 
| (sii) 
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Since T' is in kgf, we have to convert it into dynes by multiply- 
ing it by 1000. 1000x 980=9'8 x 10° ( g taken as 980 cm/s? ), 
Remember that T’ in kef=weight of the hanger in kg +the kg 
loads on the hanger. 
PEGE ee 
Anr? lne grem 


[ For ‘write-up’ and ‘oral questions’, see the last experiment. ] 


55. To determine the frequency of a tuning 
fork by Melde’s experiment 


Description of apparatus. The apparatus used for this 
experiment is as shown in Fig. 5.2. A string attached to one of the 
prongs of a rigidly mounted tuning fork, passes round a pulley and 


Fig. 5.2 (= Wavelength of the Stationary waves formed, P, P’=nodes,) 


carries a scale pan at the other end. Weights are placed on the 
scale pan to stretch the string and keep it in tension. Two pin- 
pointers carried on two movable stands are used for marking the 
positions of the nodes on the string. 

Theory. When the fork is excited, transverse vibrations are 
propagated along the string with a velocity 


a N T 
m 
Where T=tension of the string and 
m= mass of the strirg per centimetre, 


frequency of vibration is equal to that (n) of the fork 
e plane of vibration of the fork is perpendicular to the string 


The 
when th 
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( Transverse arrangement* ). The wavelength 4 is, therefore, 
vIn (=L). 

If, for a given tension, the length of the string is properly 
adjusted so as to make its total length equal to an integral multiple 
of 1/2, a stationary wave pattern will be formed. Let lbe the 
length of a loop, ùe., the distance between successive nodes. Then, 


in the transverse mode, that is when the fork vibrates perpendicular 
to the string, 


1=4/2=3yn=1 /T 

an m 

=1 /2 (55.1 
or t=, = (55.1) 


If M is mass of the scale pan together with that of the loads 
placed on it and the hanging part of the string, then 
T=Mg (5-5.2) 
where g is the acceleration duz to gravity. 


Combining Eq. 5-5.2 with 5-5.1 we can find out n when J, m 
and M are known. 


List of apparatus. A length of string ( soft but strong ), metre 
scale, delicate balance, weight box, mounted fork of low frequency 
( say. 64-80 Hz ), pulley on stand with adjustable height, pan with 
suspension thread, small known weights, two vertically mounted 
Pins (preferably on heavy base, and sharp ends pointing upward). 


Instructions: i. Take a good length of the thread supplid 
for your experiment and weigh it correct to a milligram. Measure 
its length ard calculate the mass per unit lengthof the given thread. 


2. Set up your apparatus as shownin the figure. The fork 
must vibrate perpendicular to the length of the string ; this is the 
transverse arrangement. 


*But if the fork vibrates parallel to the length of the string (longitudinal arran- 
gement), the frequency of vibration of the’ string is half that of the fork, Hence 
the wavelength on the string is 2u/n 
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3. Place a 10 or 15 g weight on the scale pan and begin your 
experiment with about a metre length of the thread in between the 
pulley and the tuning fork. Excite the tuning fork by drawing 
a resined bow sharply at one of the edges of the prongs and adjust 
the length of the thread until the vibrating loops come out very 
clearly. Set up two vertical pin-pointers by means of clamps and 
mark out the extreme nodes. Count the number of loops in 
between and measure accurately the distance between the pointers 
by means of metre scale. 

4, Repeat your observations a number of times by indepen- 
ently adjusting the length of the thread as well as the position of 
the pointers. Find mean l for the given tension. 

5. Note also the length of the vertical portion of the thread 
which carries the scale pan including the knot which fastens the 
scale pan. 

6. Repeat your experiment for two other loads on the scale 
pan. Weigh the scale pan by means of a balance correct to 
10 milligrams. 


Experimental result : 


Length of the thread taken for weishing=--cm. 
Mass of the thread=-++-+ se = 


g- 
Mass per unit length of the thread (m)=-+-g/cm. 
Mass of the scale pan (P)= +++ += +e +g. 
Weight on the scale pan (Q)=---g. 
Distance Number of 
No. of | between the | loops between l Mean 
Obs. | pointers the pointers l 


wre 


er | “em 


Length (L’) of the vertical portion of the 
thread carrying the scale pan=-*'cm. 
Total tension T=(P+Q+L'm) g=. dynes. 
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[If time permits, repeat with some other value of Q, the weight on the scale 
ran.) 

Note. The number of significant digits in the result is determined by that in 
mor, This is generally two. 


Method followed (a brief statement) : 


1. The mass per unit length of the string was accurately measured. 

2. Stationary vibrations were sot up ina stretched string with the experi- 
mental fork vibrating in the transverse mode. 

3. By fine adjustment the nodes on the striug were made as clear as possible. 
This was done several times independeutly and the mean value of J noted. 

4. T was determined from the weight of the scale pan with the load on it 
and the weight of the suspension string. 


These provided snfficient data to calculate n, the frequency of the fork. 


Oral questions. 


1. What is meant by the ‘fundamental frequency’ of a stretched string? On 
what factors does it depend ? 

2. What are the modes is which a string can vibrate ? 

8. What is a stationary wave ? How does it differ from a progressive wave ? 
How are stationary waves formed in this case ? 

4, What are nodes and antinodes ? 

5. Will there be any change in length between the nodes if the load on the 
pan is increased ? 


6. On what factors does the velocity of transverse waves in a string depend ? 
Answers. 


1, The fundamental frequency of a stretehed string is the frequency of the 
note it emits when vibrating in a single segment. The frequency is directly 
proportional to the square root of the tension and inyersely to its length (fora 
given string). 

2. The vibrations are transverse. The string may vibrate in one, two or any 
integral number of segments. 

3, A stationary wave is the pattern of vibration in space and time in a limited 
portion of a medium in which two identical waves moving in opposite 
are superposed. 


directions 
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A stationary wave is confined toa limited portion ofa medium. Bounded 
media exhibit stationary waye patterns. Unbounded media exhibit progressive 
waves. Bolong as a wave moves through a medium without meeting any obstruc- 
tion or discontinuity, it is a progressive wave. 

As the fork vibrates, Progressive wayes moye out along the string. These 
are roflected from the other end (where the pulley is). The two wave systems 
moving in opposite directions, form Stationary waves. The waye pattern so formed 
will be steady when the length of the string is integral multiple of half-wave 
lengths of the initial wave. 

4. Ina stationary wave pattern nodes are places of no (or minimum ) 
Particle displacement. Antinodes are Places of maximum displacement. 

5. Yes. n remaining constant J or 2. (}2=21) will increase if 7 is increased. 

6. v=T/m. Velocity depends on tension and mass per unit length, 


CHAPTER 6 
LIGHT 


61. Preliminary observations. 


(i) Parallax and how to avoid it. Inall cases of optical 
Medsurements where an accurate determination of the position 
of an image is sought, we 
take recourse to the method 
of parallax, 

In Fig. 6.1, let P, repre- 
sent a line drawn on a 
transparent screen and P,, 
the image of a linear object. 
Both P, and P, stand per- 
pendicular to the plane of 
the paper. An eye placed in the position E behind the screen 
sees both the lines coincident. As the observer moves his eye 
to the position E, or Ez, a relative motion occurs between P, 
and Ps. The same relative motion takes place even when the 
image is formed between P, and the eye. This relative motion 
ceases only when P, and P, coincide. This method of finding 
the position of an image by making it coincide with a reference 
line or point, is known as the method of rarallax. 

In order to ascertain, during adjustment, whether the image 
is formed in front of or behind the screen, move your eye across 
the line joining P, and Pa. If the image moves in the same direction 
as the eye (with respect to P4, the reference line), then the image is 
farther away from the eye than the screen. If the image moves in the 
opposite direction, then it is nearer to the eye than the screen. 

A pin may be used for P,. It will be called a search pin. 

To avoid parallax, either the screen or the lens or mirror 
forming the image or the object itself is slowly displaced until 
there is no parallax between the image and the reference line, 


10 


Fig. 6.1 
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(ii) Sign convention. In measuring object distance, image 
distance and focal length, we shall follow the convention of signs 
knownas Real is positive. According to it, distances of real 
objects and real images are taken with a positive (+) sign. Focal 
lengths of concave mirrors and convex lenses are positive. Concave 
lenses have negative focal lengths. The distances are measured 
from the pole of a mirror or the optical centre of a thin lens, as 
the case may be. 

Rays are treated as paraxial (that is, very close to the axis). The 
earlier derived paraxial mirror and lens formulae are applicable. 


62. To determine the refractive index of a liquid with a 
travelling microscope 
Theory. When an observer views vertically from air a point 
object inside a liquid, the object 
appears to him to be raised bya 
definite amount depending on its 
depth below the surface and the 
refractive index of the liquid rela- 
tive to air. A narrrow, normal 
pencil of rays starting from P 
(Fig. 6.2), the point object. 
appears to come from a point P’, 
Fig 6.2 which is the image of P. The 
refractive index of the liquid rela- 
tive to the upper medium (‘air’ in the general case) is given by 


when OP=u is the real depth of P below the surface and 
OP'=» is its apparent depth. 

List of apparatus. Travelling microscope, spirit-leyel, reading 
lens, experimental liquid, small flat-bottomed glass vessel to hold 
the liquid. 

Instructions. 1. Place the travelling microscope (Sec. 2-5) on 
a table where there is sufficient light. By means of a spirit level 
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adjust the stage of the microscope to be horizontal. Place the spirit 
level parallel to the line joining the levelling screws at the ends of 
the stage and turn the screws in opposite directions until the bubble 
teaches the centre. Now place the spirit level perpendicular to its 
former position and adjust the third levelling screw to bring the 
bubble at the centre. 

Focus the eyepiece on the cross-wires or the micrometer scale 
with which the microscope is provided. Rotate the microscope 
about the horizontal axis, until its axis is vertical, ie, normal to 
the stage. This may be ensured by the coincidence of two marks 
on two discs facing each other, one carried by the microscope and 
the other fixed to the body of the instrument. 

2. Find the vernier constant of the 
vertical scale by the usual method. 

3. Raise the microscope up and 
place a small empty bowl or beaker on 
the stage with a surface scratch (P; 
Fig. 6.3) on the inner surface of its 
bottom. 

Focus the scratch till there is no 
parallax between it and the cross-wires. 
Take readings of the vernier on the 
vertical scale three times for three 
independent setting of the microscope. 

4. Raise the microscope, and 
without disturbing the position of the 
beaker, pour a quantity of the given 
liquid into it. Focus the scratch as 
before three times and take readings. 


5. Raise the microscope further Fig. 6.3 
and dust a small quantity of lycopo- (P îs the image of P as 
dium powder of cork ince (if lycopo- seen through the liquid.) 


dium is soluble in the liquid) on the surface of the liquid taking 
care that the powder does not gather into heaps. 
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Focus the microscope on the dust so sprinkled three times 
as before and take readings. 


6. Throw out the liquid from the beaker and clean it. Repeat 
the whole experiment at least for two other thicknesses of the given 


liquid. 
Tabulate your data as follows. 


Experimental results : 


Value of the smallest division of the vertical scale 


+++++-vernier divisions=---+-scale divisions 


Vernier const.=1 sc. div—I vern. diy. 


= erommereees cm, 
a | Reading of fhe microscope for the 
Sa aS nS SEE ames Raal lA pas 
e Scratch {Mean Scratch [Mean | Surface {Mean | depth reat 
as without A with B of fol u= {depth u=% 
= | liquid liquid | liqnia C—A | v= v 
| (A) (B) (0) C—B 
(å) -cm | (i) -ecm 
Ist | (ii m | -eem lii) seem CM | (ii) -em | +em | -em | -cm 
| (iii) -em (iii) ‘em | (iii) «em 
2nd 
8rd 
OO 
Mean =»... 
the refractive index of the given liquid relative to air 
=+ +e (Calculate up to 3 decimal places.) 
Precautions. 


(i) The microscope axis should be vertical. 
(ii) There should be no parallax between the cross-wires and 
the image. 
Gii) To focus the microscope on P’ and O (Fig. 6.3), raise it bY 
turning the screw S, (Fig. 2.7) at the top, which displaces the 
vertical vernier V, as well. Don’t use the screw C for this purpose- 
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Note that Sə displaces the microscope and the vernier, while C 
displaces the microscope only. 


Method followed (A brief statement) : 


1. The vernier constant of the vertical scale of the microscope was determined. 


2. The stage of the microscope was levelled and the microscope tube made 
vertical, 

3. The eyepiece was focussed on the cross wires. The microscope was focussed 
on the surface mark at the bottom of the empty vessel. Three independent settings 
were made and the mean value used. 

4. A thickness of abont 2 cm of the experimental liquid was poured into the 
vessel, The microscope was raised to focus on the mark at the bottom. Readings 
were taken for three independent settings on the mark, and the mean value used. 

5. A small quantity of fine cork dust was sprinkled on the top of the liquid. 
The microscope was further raised and focussed on thin dust. As before three 
xeadings were taken and the mean used. 

From the data so secured, # was calculated. 

Note. Refractive index depends on the colour of light. Since white light 
has been used for the experimeut, it is necessary to enquire for what colour (or 
wavelength) the value of # found above holds good. The position of P“ is 
different for different colours, The human eye being most sensitive to yellow- 


green light (wavelength about 5550 A), the eye focusses the yellow-green image. 
Hence the value found is for yellow-green-light. 


Oral questions. 


1. What do you mean by refractive index ? On what factors does it depend ? 
When working in daylight, for what colour do you determine the refractive index ? 

2. What is the necessity of taking a surface scratch and using finely divided 
powder ? What is the harm if a deep scratch or coarse powder is used ? 

3, Does the accuracy depend on the thickness of the liquid 7 Why? 

4. Ts the method applicable to x volatile liquid 7 Why? 


5. What is the approximate distance between the object and the objective 
of a microscope ? 


Answers : 


1. When light is refracted from one medium into another, the ratio of 


the sine of the angle of incidence to the sine of the angle of refraction is called the 
refractive index of the second medium relative to the first. 


The value of r. i. depends on the nature of the media and, toa small extenct, 
on the colour of light. 
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The yellow-green part of the spectrum to which 


the eye is most sensitive, 
(See the “Note” above the “Oral questions’.) 


2. The surface scratch on the upper side of the bottom marks the position of 
the lower surface of the liquid layer. 


The fine powder marks the upper surface 
of the liquid. 


A deep scratch or coarse powder will indicate a greater thickness of the liquid 
layer than the real one. 

3. Yes, to some extent. 
than for thick layers, 

4. A volati uid quickly evaporates from its surface. So the 
thickness may u:uunish a little 


5 


Iu measuring thin layers, the relative error is greater 


initial 
during the experiment, 
(Look at the distance as you focns the mark 


when the 
the powder at the top.) 


Vessel is empty, or 


6-3. To determine the refractive index of a solid by the 
travelling microscope. Everything is the same as in the 


experiment just described except that a rectangular Piece of the 
solid will replace the vessel with the liquid. 


64. The optical bench, An optical bench in its simplest 


form consists of a long horizontal bed (Fig. 6.4) with several up- 


rights mounted on it to catry the object, 


screen, lens or mirror. 
These uprights slide along the bench and may be fixed at any posi- 
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tion. There is a mark on the base of each upright by means of 
which its position. on the bench may be read from the metre scale 
fixed to the bench along its length. 
The object, screen, mirror or lens 
which tke -uprights carry may be 
fixed at any desired height. 

Lenses are held in lens holders 
which may have various forms, one 
being shown in (Fig. 6.5), The 
object may be an illuminated slit, 
scratch or cross-wire. The screen 
on which the image is received may 
be of glass with lines drawn on 
them to judge parallax. It may 
also consist of a pair of cross-wires. Sharp pin-points may also be 
used as object and reference mark to judge parallax. 


6-4.1 Index correction. When working with an optical 
bench we need the actual distances between the different parts, viz. 
the object, lens, mirror or screen. The distance between the index 
marks of the uprights carrying any two of them, say the object and 
the lens, may not be equal to the actual distance between them. 


In order to find the actual distance, an index rod of measured 
length, say l, is placed horizontally in between the centre of the 
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mirror (or lens) and the object and the Position of the upright 
carrying the mirror (or lens) or the object is adjusted until the 
ends of the rod just touch the surfaces of the mirror ( or lens ) 
and the object ( Fig. 6.6). Let the appatent length of the rod as 
observed from the beach readings bed. Thus we find when the 
true distance between the object and the lens is 


l, the apparent dis- 
tance from the bench readings is d. So in order to get the true dis- 


tance, (l—d) is to be algebraically added to the apparent distance. 
Now, the mirror ( or lens ) or the object is rigidly fixed to the 
upright carrying it. So when any one of them is shifted to another 
Position on the bench, the index mark moves through the same 
distance as the mirror (or lens ) of the object, and the corre 


ection 
for getting the actual distance between them remains the same. 


By using an index rod i 
distance between a lens 


between an object and imagi 


n this manner we can gec the true 
or mirror and its object or image, or 
e formed on an optical bench. 


ained in an experiment, the focal 


may be determined by any of the 
following methods. 


A. Plot corresponding values of u an 
The scale of lengths must be the same alon 
of u and v at the origin must be the same ; but this value need not 
bz zero, Draw the graph, which is a Tectangular hyperbola, 
from it determine f ( See. Sec. 1-16, Fig. 1.2, ] 


dvon a squared Paper. 


g both axes and the values 


and 


B. Obtain reciprocals of u and v from a table of Tecipracals. 
Plot points on a graph paper with 1/y ang corresponding values 
of 1/v along x and y axes respectively taking 0—0 values for 1/u 
and 1/v for the origin and choosing the same unit to represent 1/u 
and 1/v along both axes. Draw the best Straight line passing 
through the points. This line should make equal intercepts on both 
axes. The reciprocal of the intercept measures the focal length f. 
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[Since 1/y+1Ju=I/f, so when I/v=0, Ifu=1/f, ies the 
reciprocal of the intercept along the x-axis equals f. Similarly, 
the reciprocal of the intercept along the y-axis also equals f. ] 

C. Choosing the same unit of length for both u and v, measure 
off the corresponding values of u and v along two mutually perpen- 
dicular axes. Join the points of corresponding values by straight 
lines as shown in Fig. 6.7. Theoretically, all these straight 
lines and a straight line inclined at an angle of 45° to both axes 
should intersect at the same point. The projecticn of the point on 
any of the axes gives the focal length f. But in practice, due to 
experimental error, the points of intersection, instead of being 
coincident, are distributed over a region as shown in the figure. 
So, the mean of the projections of all the points of intersection with 


the straight line drawn at 45° should be taken as the focal length. 

Note: The graph paper that is ordinarily used by a student in the laboratory 
offers a comparatively small space. This limits the scale on which u,v, 1/u or 1/v 
may be represented. Consequenty, the precision with which the value of f may be 
determinied by any of the above graphical methods is smaller than that 
mentioned, the method of direct calculation should be adopted ‘by the students to 
find f. 


Comparison of graphical methods. A straight line graph is 
always easier to draw than a curve. Wherever possible, graphical 
telations meant for calculation of a result should be presented in 
the form of linear relations. For a lens or mirror, Bor C above is 
better than A for calculation. Straight lines, theoretically known 
to pass through the origin (0,0), are best drawn by joining the 
origin to the point x, J (mean values of x and y) Theoretically, 
this is the best straight line which the available data can give. 

A straight line graph has the further advantage that it reflects 
the quality of the work by the scatter of the experimental Points. 
The closer they are to the line the better the quality. 

6.6 To find the focal length of a concave mirror 
by the graphical method 

Theory. Ifu and denote respectively the object distance 
and the corresponding image distance, then f, the focal length, can 
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be determined graphically in the following way ( Sec. 6-5 ; Method 
C ). v should be taken as negative when the image is virtual. 

Wit-a reference to a system of rectangular axes OX and OY, 
the points U and V are plotted with OU =u and OV=y (due atten. 
tion being paid to signs ), and a straight line drawn from U to V. 


Since several observa- 
tions have been made, 
there will be 


several 
20 straight lines U,V, 
X UVa. The coordi- 
RN 


vi inemy—s 
RES 
7 


nates (f,f) of the point 
of intersection of these 
lies give the focal length, 
of the mirror ( Fig 6.7 ). 
This point is also the 
intersection point with 


bk p the diagoral axis. 

t i racar E List of apparatus. 
PA- Concave mirror ; optical 
roe T 


18 21 24 27 


U (inem je 


30 33 36 39 


bench with three stands; 


two pins and index rod. 
Instructions, Set 


up three uprights, one 
carrying the mirror and the other two each carrying a pin. One 


pin serves as the object and other as the search pin. Adjust 
the heights of the mirror and the pins so that the axis of the mirror 
passes through the pin tips. Fix the upright carrying the mirror 
at one end of the bench and the upright carrying the object pin 
near the other. Look into the mirror from behind the object pin ; 
you will see an inverted real image, diminished in size. Adjust 
the position of the search pin for no parallax (Sze Sec. 6-1) between 


its tip and the tip of the image of the object pin. Read the 
positions of the three uprights. 


Fig. 6.7 


For each position of the object 
pin, find the position of the search pin thrice and take mean. 
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Bring the object pin closer to the mirror by steps of a few 
centimetres and repeat. At some stage, the object pin and the 
search pin will cross each other when the image will be magnified. 
Proceed as before till the image becomes virtual and erect. 

Measure the length of the index rod by a metre scale and 


find index correction for u and v (See Sec. 6-41). Tabulate data 
as follows. 


Experimental results 2 
Index correction for u : 


Actual length of the index rod=::+--+cm(() 

Distance between the index marks when the rod is placed 
between the object pin and the pole of the mirror=(-::)—(--)=--* 
cm (d) 

Index correction for u=-:+-+-cm (J—d)=:+:(i) cm. 

Index correction for v : 

Actual length of the index rod=---cm. (I) 

Distance between index marks when the rod is placed between 
the search pin and the pole of the mirror=(---)—(---)=+-cms (d’) 

Index correction for y=- -cm (l—d') = -i 

u—y» data: 

Se a 


| 
Position in em of 


Noa | sia App. App | Co rected | Corrected 
e | mirror | Object pin| Search: (0) u’ v u=u' +5 | vO ti 
SaS U) (B) pin (0) | em (BSA) (~A )| com | em. 

| em em | 
| | | | 
i isk ss Gre | | | 
| it) | 
| | 
iiis | | | 
ete | | 


Se ee O S a S 


Calculation. Straight line graphs are drawn as indicated in 
the theory, u along the x-axis and v along the y-axis. A straight line 
is drawn from the origin at 45° to the axes (See ‘Remark’ below.) 
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The points of intersection of this straight line with the U—J’ lines 
drawn earlier are noted in the table below ; 


` 


Curve I aw | 


EJ 


Yy 


Mean of the x and y values=-+-cm 

Result: The required focal length=--cm 

(Same valu2 as the mzan of x, y values), 

Method followed. 1. The concave mirror and the object 
pin were set up at the two ends of the optical bench. The search 
pin was mounted in between. The heights of the pins and the 
mirror were so adjusted that the tips of the pins lay on the pri 
axis of the mirror and parallel to the bench. : 

2. With the help of the search pin images were located for 


different object distances, and the apparent values of u and v noted 
for real images. 


neipal 


3. The index corrections for u and v were determined. 

4. The necessary graphs were drawn. 
was determined from the coordinates of the 
of the u-v lines with a straight line inclined ai 


The required f value 
Points of intersection 


t 45° to either axis. 
Remark. The points of intersection of the U—y lines are 


supposed to give the value of f. Because of the small angles between 
such lines it is rather difficult exactly to locate such a point 
of intersection. Intersection points with the 45° are clearly defined. 
Oral questions. 


1. Distinguish between a real image and a virtual image ; betwe: 
object and a virtual object. 

2. Define principal azis, focus, pole and aperlure of a mirror. 

8. What is parallax ? Explain the method of no parallax in loca 
image, Can vertical images be located by this method ? 


en a real 


ting an 
4, Describe how the position of the image changes as the chject is brought 
from a great distance upto the mirror along its Principal axis. 

5, When is the image magnified ? Erect ? 

6. From which point of the mirror are 


you measnring distances ? What may 
be the error in this measurement ? 
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7, Does » U—Y straight line express the relation between the object distance 


and image distance ? 
Answers, 
1, 


A real image is one formed by the actual intersection of rays after reflection 
or refract 


ion. A virtual image is one formed by the backward intersection of rays 


after reflection or refraction. An actual body is a real object ; rays starting from 


it aro reflected or refracted. A virtual object is a real image whose rays are inter- 


cepted by mirror or lens before the real image is formed. 
2, (See any text book.) 


2. Parallax is the relative motion between two non-coincident objects or an 


object and image when the eye is moved across the line joining them. ( 


For removal 
of parallax, See Section 5-1.). Yes, if the image and the search pin can be seen 
together, 


A 


(See any text book. This is considered at the Higher Secondary stage.) 
When the objectis between the centre of curvature and the focus, Itis 
when the object is between the focus and the mirror and also magnified. 

6. Pole of the mirror. A millimetre or two. 


ie 


ot 


erect 


No. It is a straight line joining points on the axes giving the corresponding 
values of uand v, Its slope gives tho magnification vfu. 


6-7. To determine the refractive index of a liquid and of 


the material of a convex iensusing a plane mirror and a convex 
lens. 


Theory. When a small object, 
such as the sharp end of a 
pin P, is placed at the Principal 
focus of a converging lens L with a 
Plane mirror M behind it and per- 
Pendicular to its axis (as shown in 
Fig. 6.8), the rays from the object 
after passing through the lens are 
reflected back on their paths to 
form an inverted image at the focus 
again. When there is no parallax“ 
between the object and the image 


(Pa and Pa) both must be in the 
F Fig, 6.8 
focal plane of the Jens. In. this 


way the focal length of a converging lens or a system of lesnes 
may be determined. 
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If a few drops of liquid are Placed on the plane mirror and 
the lens over it, a plano: 


-concave liquid 
lens C is formed in between, the lens 
L and the mirror M (Fig. 6.9), The 
focal length fe of the liquid lens so formed 


is given by 
Lor dT 
lis EE 
Baie: 7 
or fo= poe (6-7.1) 


where fı is the focal length of the 
convex lens and F that of the combina- 
tion (i.e. the convex lens and the plano- 
concave liquid lens below it), both taken positive. 

The focal length f+ of the plano-concave liquid lens is again 
given by 


PN ig 
yn 


Fig 6.9 


1 = (w— 1) whence #=14" (6-7.2) 
fe t fa 
where r is the radius of curvature of the curved surface of the 
liquid lens (ie, lower surface of the convex lens) and # the 
refractive index of the liquid. r and fs have the same sign. 
r may be measured by means of a spherometer and is given by the 
telation 
DA 
Td z 
ae +5 (6-7.3) 
where h is the elevation of the middle leg over the plane on which 
the outer legs stand and D the distance between any two outer legs 
forming the equilateral triangle. 


Thus measuring r and f.,/ may be determined from relation 
(6-7.2). 


To determine the refractive index u 


of the material of the convex 
lens, we measure, 


with a spherometer, the radius of curvature r 
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of the other surface of the lens (that is, the surface not in contact 
with the liquid). H is given by 


L =(0"-1) (+7) 


or, vo —— Fees ) (6-7.4) 

List of apparatus. Thin lens; plane mirror ; object pin on 
adjustable stand; metre scale; spherometer; diagonal scale and 
divider ; experimental liquid ; soft cloth for wiping. 

Instructions. Place the convex lens ona horizontal plane mirror. 
Clamp a pin horizontally on a vertical stand and adjust its position 
such that the pin-tip lies approximately on the axis of the lens. 

Look at the pin and its image from above (about 25 cm, the 
least distance of distinct vision) with one eye shut. Adjust the 
Position of the lens on the mirror such that the pin-tip and its 
image are in the same vertical line, 

Adjust hzight of the pin so that there is no parallax between 
it and its image. 

Measure the distance between the pin-tip and the surface of 
the lens near its central region with a mettre scale. 

Repeat the experiment three times for three independent settings. 

Remove the lens and pour a drop or two of the given liquid, 
the refractive index of which is to be determined, on the plane 
mirror and place the lens over it. 

Find the focal lhngth F of the combination ina similar manner. 

Clean the lower surface of the lens with which the liquid is 
in contact and place the spherometer on it as in Fig. 2.15. Find 
the elevation h of the middle leg over the plane on which the outer 
legs rest by taking readings on the curved surface and on the plane 
surface of a base plate. 

Repeat your observations for hat least three times and find 
mean h. (See Experiment, Sec. 2-10.1.) 

Place the spherometer ona clean piece of stif paper ona 
drawing board with its middle leg drawnup. Press it lightly so 
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that the outer legs imprint themselves on the paper. Measure the 
distances between the footprints by means of a pair of dividers. 
and a diagonal scale. The mean of the three distances measures 
D. Calculate 7 from relation 6-7.3. 

Thus fa and7 being known, calculate the refractive index of 
the given liquid from relation 6-7.2. 

Now measure 7’, the radius of curvature of the other surface of 
the lens, in the same way as for r. Apply formula 6-7.4 to find v’. 

Experimental results. 


Focal lengths (f, and F) of the thin lens and lens combination, 


Distance (in cm) Fs Distance (in cm) 
| between pin-tip and ee between pin-tip and 
= 1 


No. Focal leugth 
of 


Be EE lens} mirror À ri Compound | mirror as SA 
| (L) (M,) Sn lens (C) AL) cm 
| 

anj | | | 

2 | | 

8. | | | | 


Constants of the spherometer. 


Pitch (p 
Total circ. scale diy: 
Least count (p/”)=---mm=.--em 


Spherometer readings and lens surface elevation (h).1 


Surface |No. ee When the screw touches Total no | yalue of Radius of 
of 2B o i= the plate of cir. div.) Tin Curvatur> 
obs. | 2539 m rotated mm. 
Şo g3 a38 ey = = T=Rn+A} Tx1.c, 
“Sada | gala Au 
gSa | 2823) 8-| see 
Sasa es | KEUS oas 
E S Er a G TES 
ARs |g 58 
— 
— 
Common | 1. 
lens 2, =h 
Surface (r) | 8. i LPL 
other 1 i | 
Surface (r’)} 2, | 
Se tosh! | apt 


( for calculation of T, see Sec, 2-10,2 ) 
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Readings for D (distance between spherometer legs) with diagonal scale. 


ü) em ; (ii) ...em: (iii) cm. Mean D=...cm. 
Calculation and Result. 
ARE 
6h 2 
D2 hae 
r arts cm. 


fa (focal length of glass lens) = ---cm. 

F(focal length of lens combination)=-:-cm 
op ys 
F-fı $ 


> 


fa (focal length of liquid lens) = 


# (refractive index of liquid)= 147 =~ 


#’ (refractive index of material of lens)=1+—7 = A 

fir +r’) 
Method followed. 

1. I measured the focal length of the given lens by the plare 
mirror and pin metbod. 

2. I formed the liquid lens, and measured the focal length of 
the combined lens formed by the given Jens and the liquid lens. 
The focal length of the combination was measrured in the same 
way as before. 

3. Then I measured the radii of curvature of both sides 
of the given lens with a spherometer. 

4. From the data obtained, the refractive indices of the 
liquid and of the material of the lens were calculated. 

Remark. Both lenses were assumed thin. While this applies 
to the liquid lens, it is not quite true for the glass lens, To correct 
for the thickness of the glass lens, some teachers recommend adding 
half the thickness of the glass lens to the observed value of f,. If 
such correction is at all to be made, it is better to add one-third of the 


lens thickness to the observed value of focal length. 
for this is that for thick lenses, 


if distances are measured from 


The reason 
the simple lens formulae can be used 
the principal?planes, 

lenses (as laboratory lenses ordinarily are) and of Ti 


11 


For equiconvex 
efractive index 
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15 ( a value good enough for use for ordinary crown glass), 
principal planes are one-third the lens thickness away one ae? 
With different media on two sides of the hops do correction shou 
not be attempted, as the positions of the pietetbal points change. k 
-7.1 An alternative method of finding the Tefractive 
Ei of aliquid. The beginner often makes a relatively eG 
error in measuring the radius of curvature of a lens witha 
spherometer. By using a liquid of known refractive index (say 
water) the use of the spherometer tay be dispensed with, For, let 
fi=the focal length of the Planc-concaye liquid lers of 
refractive index /; (supposed to te krown), 
f,=the focal length of the plaro-concave liquid lens of refractive 
index ¥, (to bz determired), 
r =radius of curvature of the curved 


surface of the liquid 
lenses. 


Then + = SU rt 


(jp Ayal 
F, (“—1) 7 
whence + f = 


From this aa “s may bz dstermined since 4 


fe and fi can b: measure] The methol of 


‘has already been described in Sec. 6-7. 
‘Oral questions. 


is known while 
finding fi and f, 


1. What is parallax and how do you avoid it ? 


2. What is the chief source of error in this experiment ? 

3. Can you suggest an alternative plan by whic 

4. What is the nature of the liquid lens ? 

5. Which is greater—the 
the liquid lens » 


h it may be avoided 9 


focal length of the auxiliary conyex lens or that of 


6. Using an equi-convex lens of refr; 


‘active index 1.5. what is the 
limit of the refractive index of 


maximum 


a lignid for Which the method is applicable ọ 
Answers. 
1. (See Sec. 6-1, and answer to Q 3, Sec. 6-4, L) 
2. 


2. Determination of radins of curvature with the spherometer, 
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3. (See Sec. 6-5.1.) 

4. Itisa plano-concaye lens, One face (the one in contact with the plane 
glass plate) is plane. The liquid surface in contact with the convex lens is concaye. 

5. Say from your data whether f, is larger than fa. 

6. 2 For, letr be the radius of curvature of each face of the equiconyex 
Jens. Then its focal length is given by 1/f,=(15—1) (/r)=1/r. For the plano- 
concave lens, the focal length fs is given by 1/f,=("—-1) (1/r) The combined 
focal length F is given by 

Tei igen) 


Piy 7 
As F must be positive (convex), we must Mave (4—1) less than 1 or # less than 2 
68. To determine the focal length and power 
of a convergent lens by displacement method 
Theory. If the distance between an object and a screen be 
greater than four times the focal length of a convergent lens, taen 
for two positions (Lı and L, in Fig. 6.10) of the lens, a sharply 


Pig, 6.10 


defined image of the object can be formd on the screen. The 
focal length f of the lens may be obtained from the formula 


242 


É "4g Wbered is the distance between the object and the 


screen and x is the displacement of the lens between the two 
positions (L, and La.) 
The power P of the lens is given by 
P=100/f dioptres 
where f is measured in centimetres. 
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List of apparatus. Lens under investigation, optical bench 
with object and receiving screen, index rod, metre scale. 

Instructions 1. Set up the object and the screen on the 
optical bench. Adjust their heights so that their centres stand at 
the same level and find the index correction between the object 
and the screen in the usual way (Sec. 6-4.1). 

2. Try first to find a rough value of the focal length of the 
given lens by projecting a well-defined image of a distant illumi- 
nated object on a piece of paper placed behind the lens. Measure 
the distance between the paper and the lens. 
value of the focal length. 

` 3. Set up the object, 


This gives a rough 


the lens and the screen on the optical 
bench. Adjust the heights of the uprights such that the axis of 
the lens is parallel to the bench and also Passes through the cross- 
lines of the object and the screen. 


4. Place the uprights carrying the object and the screen at a 
distance slightly greater (say, by 5 cm) 


than four times the rough 
focal length of the lens. 


If the rough value is not determined, 


adjust the distance d between the cbject and the screen such that 
for a small value of x,say 10 cm, 


magnified and the other diminished, 
on the screen. Remove the Paper an 


asharply defined image, one 
is obtained ona Paper placed 
d proceed as follows : 


5. First, record the positions of the object and the screen. 


Keeping d fixed, determine the position Lı of the lens (nearer the 
object) when a magnified image of the object is seen from behind 


the sereen without parallax with the reference cross. Record the 
position of the lens upright. 


6. Slide the upright carrying the lens towards the screen to’ 
the position La, when a diminished image will be seen. Adjust 
the lens for no parallax and tecord the new position of the lens. 


7. Repeat your observation three times for each position of 
the lens, d remaining the same. 


8. Increase the distance between the object and the screen by 
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five centimetres and repeat your observation as before. Do so for 
at least three different values of d. 
As the displacement of the index mark on the upright base 


equals the displacement of the lers, no index correction for x is 
necessary. 


Record your data as follows ; 
Experimental results : 

Index correction for d : 

Actual length of the index rod=-+-+++em (l) 
Distance between the pointers when the rod is 
placed betwien the object and the screen=(--) TE) 


=en (l) 


<. Index correction for d=(I-1')=++(i).cm 
No. of | Position | Position | 1st Position Mean 2nd Position Mean 
obs. ofthe | of the of the lens |Ist Position) of the lens 2ndPosition 
object (0) | screen (S) (b,) (L3) 
ea wine ——— aa 
Loo fess om — | wereeeCM | (iijn |e em | (t6), f vereen cm 
| 
2o [ee OMi | serei em secom f (iire ii cm 
3, adada: i eevee cm ; E ELOT on ii cules 5 
4 w | 
l i | 
ee 


Apparent Correcied Mean 
ae d x f 
(O48) =d'+i =L; sh, 


‘vem 1a som “em 


.', The focal length of the given convex lers=--cm and the 
power of the lens=100/f=---dioptres. 

Note. 1. This method does not involve the Measurement 
of any distance from the principal planes of the lens, Hence no 
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correction for the thickness of the lens is necessary. It is therefore 
capable of giving a more accurate value than the u-v method. 

2. The relative error in the value of -f (i.e. Sf/f) is small 
when < is small, for it may be shown that 6f/f is proportional to 
x6x/d when ôx is the inaccuracy in the value of x. Further, x 
increases much more rapidly than d since 5x/3d= (d—26)I x. 

These considerations show that the relative error in f will be 
smaller for smaller values of x. This follows easily from the relation 
f=(d"— x")l4d, which shows that when x is 
to small variations of x. 


small, f is insensitive 


It is therefore recommended that 
made for values of d between Af and 5; 
values. 


When x is small the inaccuracy in the 


the measurements should be 
f or so and not for much larger 


setting may be large 
(i.e, 6% may be large). But even then the error is less, as the follo- 
wing actual data will show. 


Corrected x 8x x8x/d 
value of d 

65.5 cm 5.3 cm 1 cm 0.08 
85.8 ,, 41.8 ,, 025 0.1 
154.8 ,. 118.6 ,, 0.2., 0.15 


The lens had a focal length of 16.3 cm. 


Oral questions. 


1, What is the minimum distance between the 


object and the screen for 
which the method is applicable ? State reasons, 


2, Why is this method superior to other methods of det 


ermining focal length 9 
3. Is it better to take the distance 


between the object and the screen as large 
as practicable or small 7 
Answers. 


1. Calculation shows that the minimum distance between a real object and 


real image formed by a convex lens is four times the focal length of the lens, Hence 


when the object to sereen distance is greater than this value, a sharp image can 


be formed on the sereen for two positions of the lens. The object distance for one 


Position is equal to the image distance for the other. 
2. When we take thickness of the len 


formula is applicable if distances 


s into consideration, the usual lens 
are measured from the principal planes of the 
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Jens. In this method, the question of principal planes does not arise since d isa 
fixed distance and s is merely a displacement. No measurement from any principal. 
plane is involved even theoretically. So it can be applied to thick lenses. 

3. A calculation of the relative error in f shows that this is lower for smaller 


values of æ. So, the distance between the screens should not far execed 4f. 
' 


6-9. To determine the focal length and power of a concave 
lens by the combination method. 
Theory. If two thin lenses are in contact, the fecal length F 
of the combination is given by 


where f, and fe are the focal lengths of individual lenses. 

If one of them is a convex lens (of focal length fı) and the 
other is a concave lens (of focal length fs) and further, if the combi- 
nation forms a converging lens, then correcting for signs, we have 


ete ake 
FFF, 
thin s 
or A= FF (6-9.1) 


(Remember that under all sign conventions fı and fə have 
opposite signs.) 

The focal length f of a converging lens may be obtained from 

3 

the formula f= pma a * where d is the distance between the object 
and the screen and x is the displacement of the lens for the two 
Positions of the lens to get a sharp image on the screen. 

The Power P of the lens is given by 

P=100/f. dioptres, 
where f, is measured in centimetres. 


Instructions. Find by displacement method (Sec 6-8) the focal 
length fı of the convex lens (we may call if auxiliary lens) and the 
focal length F of the combination (equivalent lens) by placing the 
two (i.e. convex and concave lens) in close contact. Hence calculate 
fa and P. 


168 PRACTICAL PHYSICS 


Record your data as follows: 
Experimental results : 
Index correction for d: 
Make a table as in the last expt, (Sec. 6-8) 
Determination of fı and F : 


Make two tables as in the-last expt. (Sec. 6-8), one for fı and 
another for F. 


-- the focal length of the given concave lens fı = 


1 
100 3 
The power of the given concave lens P———=--dioptre. 


Oral questions, 


1. Why do yon use an auxiliary conyex lens ? 
2, Cau you find the focal length of tbe 


given concave lens by using 
convex lens of any focal length whatsoeve: 


§ an auxiliary 
r? State reasons, 
3, Can you determine the focal length if 


the two- lenses are 
distance ? 


separated by a 


4.. Will it matter if the positions of the lenses are interchanged when they are 
in contact or separated ? 

Answers, 1. A Concave lens cannot form a real image of 
the combination can 
an then be formed and the 
determined in a straight-forward way. 
focal length of the cone: 


9 


& real object. 
with a suitable auxilia act as a conyex lens, Real 
focal length of the combination 
Using formula 6-6.1 we 


y lens, 
images of real objects ¢ 


can then find the 
ave lens, 


‘The focal length of the 


Auxiliary lens must be 
can act asa conve 


x lens. The power P 
Breater than the powe; 
Py—Po 


lens must be shorter than that of 


such that the Combination 
of the auxiliary (convex) lens 
r Pg of the concave lens, 


3 this must be positive, 


inust be 
The power of the Combination is 
the focal length of the convex 
the concave lens. Otherwise, 
a concave lens, 


In other words, 


will continue to act as 
3, 


the combination 
Yes, under proper conditions, We 


shall have to use 
the separation, Besides, the 


equivalent len, 
4. No, if we can treat the lenses 


a formula involving 
8 must be converge: 


as thin, 


nt. 


poe eee 
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smaller than that of the given concave lens. In sucha case He 
two together do not form a convergent combination when in 
contact.) 

Theory. If a beam of light converges towards a point R 
(Fis. 6.11) and intercepted by a concave lens, P serves asa virtual 


Eig, 6.11 
object for refraction by the lens. If the distance CP (=u) between 
the optical centre C of the lens and the virtual object P is less 
than the focal length (f) of the concave lens. a real magnified image 
of the virtual object will be formed at I. If CI=v, then fis given 
by 


LL al 
V u 
u 


or f= (6-10,1) 


u-v 

List of apparatus. Concave lens under investigation, long 
focus convex lens, two vertically mounted sharp pins (sharp ends 
preferably coloured white or yellow), metre scale (if need be). 

Instructions. Set up an auxiliary convex lens (L^, an object 
pin (O) and a reference pinR onan optical bench. After proper 
adjustments find the position of the image (the position of P in this 
case) avoiding parallax. Read the Positions of the object, auxiliary 
lens and the reference pin. Keeping the positions of the object and 
the auxiliary lens fixed, repeat your ob:ervations for three 
independent settings of the pin R. 

Place the given concave lens, whose fccal length is to be deter- 
mined, between the convex lens and the image P. Adjust the height 
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of the upright carrying the concave lens so that it is coaxial with 
the auxiliary lens. Hold a sighting Screen near the end of the 
bench and adjust the position of the concave lens so thata real 
image is formed on it. Finally, adjust the position of the reference 
pin R so that there is no parallax between it and the image, now 


formed at I. Read the positions of the concave lens and the 
reference pin. 


Repeat your observations for three different positions of the 
concave lens. For each of these Positions take readings of the 
position of the image for three independent settings of the refer- 
ence pin. Find the index error for the distance betwen the concave 
lens and the pin R. Enter your data as follows a 


nd calculate f 
from Eq. 6-10.1. 


Ifan image is formed beyond the optical bench, use a metre 
scale for measuring distance, 


Experimental results ; 


Position of the object pin=""cm 
Position of the auxiliary convex lens 


=c 
Position of ; ; 
No. |the reference Position of | Position of | 
of | pin without |Mean | the concave the reference |Mean | Apparent | A ppa- 
obs. | the concave | (4 lens pin with the| (C) | u rent v 
lens B concave lens | (4~B) | (C—B) 
(4) (0) i 
Uh LS PRED ec Pg co ee aa aT 75 E Ue 5 | ssis 
| 
RE E E aa oandie || na. 
8 


Index correction (which is the same for both u and v) : 
Actual length of the index rod=-.. 


“cm, 
Apparent length Ao 


=()—()= ecm. 
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Index correction for u or v= 


App. App. Index Corrected Corrected Meau 
u v correction u v f f 
for u and v 


the focal length of the given concave leas=-:-cm, 


The power of the given concave Tens = 20° =:+-dioptres. 


Oral Questions. 


1, What is a divegent lens 7 Are all concave lenses divergent? Explain. 

2, What kind of image does a divergent lens produce ? 

8, Is the final image real or virtual in your case ? 

4, How should the powers of a divergent and a convergent lens be related 


in order that the combination may serve as a convergent lens ? 
Answers, 


1, A lens that makes a parallel beam divergent or reduce the convergence -~ 
of a beam is a divergent lens, All concave lenses are not divergent. If the surro= 
unding medium has a refractive index greater than that of the material of the lens, 
a lens of concave shape becomes a convergent lons. Relative 4 of the lens material 
in this case is less than 1. Hence f has the opposite sign. 

2. For all real objects a divergent lens forms a virtual image, But for a 
virtual image between tha lens and the first principal focus, the object is real. 

3. The image is real. 


4, The algebraic sign of the powers should haye the same sign as that of 


the power Of a convergent lens, 


611. The Spectrometer. It is an instrument used for the 
study of spectra and the measurement of refractive indices. Its 
essential parts are (i) the collimator (C, Fig. 6.12), (ii) the prism 
table (P), (iii) the telescope (T), and (iv) the circular scale (GaSe 
shown sepatately in the left inset of the figure). 

(i) The Collimator—Its purpose is to provide a parallel beam 
of light. It consists of a tube with a vertical slit (S, shown 
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separately in the right inset) of adjustable width mounted at one 


(Os) at the 


ic lens 


-nd of the tube and has a converging achromat 


EATEN (iamos 


“TTS ony JO sael 
‘Tp £ sioria O49 07 91qU} wsad oT Susy 107 40198 “Ty ‘5960S TOLTAQA 
S70 * Be siete sats) 
J wypid acy mois Suy + odooxeyo} 0} uoyou Aor 
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P 
Wil 


It is rigidly fixed to the main frame of the instrument. 


The distance between the slit and the lens O, can be altered 


other. 
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by a rack and pinion or some other focussing device. In the figure 
F, is the focussing screw. 

The slit is a very important part of the instrument. It consists 
of metal jaws (Ji, Jo) with exactly parallel edges. The width is 
adjusted by turning a screw (f). Light from a suitable source, 
such asa sodium flame, illuminates the slit. When properly 
focussed the slit lies in the focal plane of the collimator lens Oz. 
The collimator thus gives rise to a parallel beam which falls on the 
prism standing on the prism table. For a properly placed source 
the emergent beam from the collimator has a circular section of the 
same diameter as the lens. 

(ii) The Prism Table has a flat top and is capable of rotation 
about a vertical axis. It is provided with three levelling screws. 
The prism is placed on the table with 
its refracting edge vertical. 

A set of parallel, equidistant lines 
are ruled on the top of the prism table 
(Fig. 6.13). These lines are parallel 
to the Jine joining two of the levelling 
screws and are required for adjusting 
the prism. A series of circles concen- 
tric with the axis of rotation of the 
prism table are also ruled on the top. 
They help in placing the prism 
correctly. The height of the prism 
table can be adjusted. The screw H (Fig 6.12) fixes the prism 
table to the verniers and also keeps it at a given height. 

(iii) The Telescope (shown separately in Fig 6.14) is an 
astronomical telescope. The objective is an achromatic doublet. 
The eye-piece is of the Ramsden type and is fitted with cross-wires. 
The eye-piece slides ina tube which carries the cross-wires. This 
tube slides in another tube which carries the objective. The 
distance between the objective and the cross-wires can be altered 
by a rack and pinion or some other focusing device. (The rack 


Fig. 6.18 
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and pinion arrangement (R, P) is shown in Fig. 6.14. It should 
be understood that the device is on the outer side of the inner tube 
and does not obstruct the light.) 

While working, the eye-piece is so adjusted that the cross-wires 
lie in its focal plane. The eye can then see the cross-wires without 


Fig, 6.14 


applying accommodation. The image of the cross-wires is formed 
at infinity. The focusing screw (F,, Fig. 6.12) is then turned until 
there is no parallax between the cross-wires and the image of the slit . 
formed by the objective of the telescope. 

Thz eye-piec2 magnifies the image of the slit formed in the 
plane of the cross-wires. The final image is at infinity. 

The axis of the telescope (as also of the collimator) passes 
through the axis of rotation of the prism table. The telescope 
is carried on an atm which can be rotated about the above axis 
of rotation (but the collimator is fixed’. A  counterpoise balances 
the weight of the te'escope and eliminates the strain due to this 
weight on the rotation azis. The telescope and collimator tubes 
are supported near one end on two screws, each marked L. S. in 
Fig. 6.12. By means of these screws their axes may be made 
exactly horizontal. 

The telescope may be fixed at a given position by means of the 
screw F. T. A slow motion can then be given toit by the screw 
T. T. called the tangent screw. The prism table is also provided 
with similar fixing and slow motion screws (F. P. and T. P. res- 
pectively). It should be noted that a tangent screw will not function 
unless the corresponding fixing screw is tightened. 
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(iv) Circular Scale—The spectormeter has a circular scale 
coaxial with the axis of rotation of the prism table and the 
telescope. It is graduated in degrees, 

In some spectrometers the telescope and the prism table each 
carries two verniers, 180° apart, which slide alongside a fixed 
circular scale. In smaller instruments the circular scale and the 
telescope are rigidly attached to each other and turn together. Two 
verniers, 180° apart, are carried on a separate circular plate 
mounted coaxially with the circular scale. The prism table can be 
clamped to the spindle of this circular plate. When so clamped 
the prism table and the verniers turn together. 

By means of the vernier the circular scale may be 
reed up to a minute of arc or 
even less. As an exercise the 
student may try to find the 
treading corresponding to the 
zero of the vernier in Fig. 6.15. 
The values 230 and 240 are 
in degrees. The value sought 
may be read as 225°17' or 
225°18’. The reading is correct up to 1’. 

The purpose of having two verniers is to minimise the error 


Fig, 6.15 


Fig. 6,16 
due to the centre of the circular scale not lying on the axis of 
rotation. 
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6-11.1. Adjustments of the spectrometer. In all work 
with the spectrometer certain adjustments are essential. It will 
be advantageous to spend sufficient time over learning and practis- 
ing these adjustments so that they could be completed in at most 
half-an-hour. The student will then have enough time at his 
disposal in which to take the necessary readings. 

The essential adjustments are the following and should be 
performed in the given order : 

(i) Levelling of the instrument (i.e., of the telescope, collimator 
and the prism table). 

(ii) Alignment of the source and screen. 

(iii) Focusing of the cross-wires. 

(iv) Adjustment of the slit. 

(v) Focusing for parallel rays. 

(i) Levelling. While working with a spectrometer it is 
necessary that (a) the axis of rotation of the telescope etc. shall 
be vertical, (b) the axis of the telescope and (c) of the collimator, 
shall be horizontal, and (d) the top of the prism table shall also 
be horizontal. Levelling the instrument means making these adjust- 
ments. 

(a) Levelling the telescope. Place a spirit-level on the telescope 
taking care that its axis is parallel to that of the telescope. Fix 
the spirit-level in position by a piece of the string or rubber band. 

Looking at the instrument you will find three levelling screws 
on which it rests. One of these is below the collimator. Call it 
Ss and the other two S, and Ss. Imagine a line joining the screws 
Si and Sa and place telescope parallel to this line. The air 
bubble of the spirit-level may be found not to lie in the centre- 
Bring it half-way towards the centre by turning the levelling screws 
Sı and Sa (Fig. 6.12) by equal amounts in opposite directions. FO® 
the other half turn the levelling screws L.S. below the telescope? by 
equal amounts in the same direction. (In some spectrometer there 
may be a third screw between the screws L.S. Its purpose is to 
fz the telescope tube tothe arm carrying it. Where this third 
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screw is present, it should first be unscrewed sufficiently so that 
the screws L.S. may move easily. After the focusing has been made, 
the third screw may be tightened.) 

Now swing the telescope so that it turns through 180° and 
becomes parallel to its first position. It will perhaps be found 
that the bubble has moved away from the centre. Bring it to the 
centre as before, half by S, and Sand the other halt by LS.. 
It may bz necessary to repeat the operations several times urtil 
you find that the bubble remains in the centre for both Positions 
of the telescope. When this has been done the axis of rotations 
of the telescope lies in a vertical plane perpendicular to the line 
joining the screws S, and So. 

Note that the bubble may not be in the centre for intermediate 
Positions of the telescope. Now place the telescope in line with 
the collimator take the bubble to the centre by turning the 
third levelling screw Ss below the collimator. This makes the 
axis of rotation vertical and the axis of the telescope horizontal. 
Tt is necessary to check the first adjustment after this second one 
has been made. 

Summary. Yo remember the adjustments the student should 
mentally mak a summary of them. The following may be help- 
ful: The two positions in which the telescope is parallel to the 
line joining Sı and Są may be called respectively the first and the 
second parallel pasitions, and the other one the perpendicular 
Position. Then, 


For the parallel positions adjust half by Sı, Sə and the other 
half by L, S. ; 

For the perpendicular position adjust by Sa: 

To facilitate work, adjust by S, whenever the telescope 
come to the perpendicular position, ùe., in the lice with the 
collimator. 

i (b) Levelling the collimator. Remove the spirit-level and place 
it on the collimator with the axes of two parallel. If the bubble 


1S not in the centre, bring it there by means of the levelling screw 
12 
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L. S. with which the collimator is provided. This makes the colli- 
mator axis horizontal. 

(c) Levelling the prism table. The prism table is provided 
with three other levelling screws (P,Q, R, Fig. 6.13 ) just below 
it. On the table is ruled a series of lines parallel to a line joining 
two of these screws. Place the spirit-level parallel to these lines 
and bring the bubble tothe centre by turning these two screws 
in opposite directions. Now place the spirit-level perpendicular 
to the lines and level it by means of the third screw. This makes 
the table top horizontal. 

(ii) Alignment of the source and screen. Light the Bunsen 
burner and stand in front of the collimator in line with it. Look 
along the top of the collimator tube and so place the burner that the 
„axis of the collimator passes through the centre of the flame. Place 
the flame at a distance of 6 to 8 inches from the slit. Once the 
position of the source is adjusted, take care that it is not disturbed- 
Lack of alignment of the source may lead to non-appearance of the 
image on the side. 

Wind asbestos thread round an iron or copper ring of such 
diameter that the flame can pass through the hollow of the ring 
«without obstruction but touch it all around. This will give a bright 
-steady flame. 

Soak the asbestos in a concentrated solution of sodium chloride. 
Put the ring round the flame and adjust the height of the ring such 
-that the brightest part of the flame lies opposite the slit. 

Now put a screen in front of the collimator and adjust the 
height of the aperture in it so that light from the source can reach 
-the slit without obstruction. The purpose of tbis screen is to 
prevent light of the source from reaching the observer's eyes 
directly. 

(ii) Focusing the cross-wires. Turn the telescop? 
towards an illuminated background (a small illlumination will do )- 
Look into the eye-piece without any accommodation in the eyes 
ie, look as you would do when you want to see a distant objects). 
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The cross-wires may appear blurred. Adjust the eye-piece ( by 
moving it inwards or outwards as necessary ) until the cross-wites 
can be seen distinctly. The cross-wires may be horizontal and 
vertical, or turned through 45° with respect to the horizontal. The 
authors prefer the latter position, because it is easier to set their 
point of intersection on the centre of the image. 

(In looking into a telescope or microscop2 a beginner 
unconsciously uses maximum accommodation in the eyes. With 
a little practice he can learn how to use his eyes without accom- 
modation. This is desirable as it would keep the eye free from 
strain and reduce fatigue. One way of doing it is to keep both 
eyes open and relaxed, and apply one to the eyepiece. ) 

(iv) Adjustment of the slit. Turn the telescope and bring 
it in line with the collimator. Looking through “the telescope you 
will generally find a blurred image of the slit. Turn the focusing 
screw of the telescope (and of the collimator, if necessary ) till 
the image of the -slit appears in sharp focus. (A ‘beginner often 
fails to realise the position of best focus. Remember that in this 
Position the width of the slit appears smallest and the boundary lines 
are most sharply defined. It is advisable that you show the teacher- 
in-attendance the adjustment that you make. ) 

If the image appears not to be vertical, turn the slit in its own 
plane until the image is vertical. The width of the slit should be 
such that its image has a breadth of about a millimetre ( ie., 
about the breadth of the lead of your pencil ) when held at the 
least distance of distinct vision. When you have acquired more 
skill in handling the instrument you can make the slit narrower. 

(v) Focusing for parallel rays. There are two methods 


available for the Purpose: la) the direct method and (b) Schus- 
ter’s method. 


(a) Direct method. In the direct method the telescope is 
turned towards a distant object (more than 60 metres away) and 
focused on it. There should be no parallax between the image and 
the cross wires. This is very important. Since the eye-piece and the 
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cross-wires are in a separate tube and move together, the adjustment 
of the cross-wires is not disturbed by this focusing.* 

Now bring the collimator and telescope in a straight line. The 
image of the illuminated slit may appear blurred. Adjust the 
focusing screw of the collimator untill the image of the slit, viewed 
through the telescope, appears in sharp focus. There must be 
no parallax between the cross-wires and the image of the slit. 
To test it move the eye transversely across the eyepiece. For 
correct adjustment there will be no relative motion between the 
image and the cross-wires. 

In the first operation the telescope has been adjusted to bring 
parallel rays to a focus. In the second operation the collimator 
has been adjusted to produce a beam of parallel rays. 

(b) Schuster’s method. If a remote object is not available, 
this is the only method to be followed. Place the prism on the 
prism table with its refracting edge vertical. Let light from the 
collimator be incident on one of the refracting faces at an angle 
of 45° or so to the face. Close one eye, if necessary, and with 
the other look for the refracted beam, which is bent towards the 
base of the prism (Fig. 6.17) and leaves the prism horizontally. 
Looking into the face of the prism which the beam emerges 
you will see an image of the collimator lens and in its centre the 
bright yellow image of the slit. To see this image properly your 
eye should be at the same height as the centre of the prism face. 

Slightly turn the prism table first in one direction and then 
in the other. You will find that the image of the slit moves. Now 
so turn the prism table that the image moves towards the side of 
lesser deviation. As you goon turning the prism table the image 


*Here you get an opportunity of bringing the cross-wires to the correct 
focus. Look at the distant object and keep both eyes open. Apply one eye to the 
eyepiece and adjust the latter so that you can see the cross-wires distinctly. While 
ee eye sees the cross-wires the other sees the distant object. If both are distinctly 
Seen the cross-wires have been correctly focised. Now bring the image of the 


distant object i 2 
5 into edincidence with the cross-wires. A o parallas 
bttween the tins, e cross-wires. There should be no P 
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moves and soon reaches a position from which it turns back. This 
turning point is the position of minimum deviation of the image. 


OF THE IMAGE 


Fig. 6.17 


The position of the prism in which it occurs is the position of 


minimum deviation of the prism. 


Having got the image at minimum deviation with naked eyes, 
move your head away from the prism, still keeping the image of 
the slit in view. Then swing the telescope between the prism 
and the eye. A very small movement of the telescope this way or 
that will enable you to see the image of the slit in it. 

Slightly turn the prism table until, on looking through the 
telescope, you find the image exactly at the turning point, ùe., 


at minimum deviation. Displace 
the telescope a little towards 
the side of larger deviation so 
that the image, still at minimum 
deviation, lies about half to 
two-thirds the way down the 
field of view (Fig. 618). 
Whichever way you turn the 
prism table now, the image 
moves and passes the cross- 
wires. Thus, there are two 


IMAGE AT 
MIN.DEVA 


= SIDE OF LESSER DEVY 
Fig. 6.18 


positions of the prism for which the image can be brought on the cross- 
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wires. In one position the refracting edge is nearer to you than at 
minimum deviation. In the otker position it is more remote. In: 
the former position the 


ORMAL angle of incidence on the 
N F 


prism is larger; it is 
called the slant position 
of the prism In the 
latter position the angle 
of incidence is smaller ; 
it is called the normal 
position (Fig. 6.19). 

(1) Bring the image on 


the cross-wires. Suppose 
in so doing the refracting edge has moved nearer to you than at 


minimum deviation. It the image is blurred focus it by the teles- 
cope, i.e., the instrument nearer to you. 


Fig. 6.19 


(2) Now turn the prism table in the opposite direction so 
that the refracting edge moves away from you. The image moves 
towards the position of minimum deviation, turns back and reaches 


the cross-wires again. If the image is blurred focus it by the 
collimator, ie. the instrument away from you. 


In general, it will be necessary to repeat the operations (1) 
and (2) several times in succession until the image appears in sharp 


focus at both positions. The spectrometer is then focused for 
parallel rays. 


Check finally that there is no parallax between the cross- 
wires and the image of the slit. 

MNEMONIC» It should be noticed that the focused image 
is broader in the normal position and narrower in the slant position. 
This givesa mnemonic for Schuster’s method : When the image is 
Broad, adjust the focus by the Collimator, or more simply, Broad— 
Collimator. There is also another way of remembering : adjust the: 


*Aid to memory, 
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focus by the instrument nearer to or away from you according as, 
the refracting edge has moved nearer to or away from you (or 
more simply, near—near, 
away —away). 

Theory of Schuster's 
method, When a narrow 


beam of light, coming from 
a point object, is refracted 


through a prism, the emergent 
beam appears to come from 
a point image. If the mean 
ray of the beam passes 
through the prism at minj- 
mum deviation the distance 
of the image from the prism 
is equal to the distance of 
the object. But when the 
angle of incidence is smaller 
than that at minimum 
deviation, the image is nearer 
than the object. For angles of 
incidence larger than those at 


iminimum deviation, the 

‘ wT SLANT POSITION 

image is farther than the 

object. Fig. 6.20 
Thus, for the normal position of the prism, the image of the slit formed by re- 


fraction at the prism is nearer, while for the slant position it is at a greater distance 
(Fig, 6.20). 


Suppose the tetescope is focused on the image (at 8,, Fig 6.21) when the prism 
isin the slant position, Let the prism be now turned to the normal position. 
Since the image moves nearer (at S,), it will be out of foeus in the telescope. By 
moving the collimator lens nearer to the slit this image at S, is pushed to the 
previous polnt of focus S, of the telescope. If now the prism is changed in position 
from normal to slant, the image moves farther. The telescope is focused on this 
More remote point. 


In this way the point on which the teleseope is focused moves away to greater 
distances with eyery adjustment of the telescope, The collimator pushes the image 
at the normal position to the position of the image at the slant position, When 
finally both images are formed at Very great distances they appear to be in focu 
for both positions of the prism. 
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The magnification of the image is greater for smaller angles of incidence. 


Fig. 6.21 


Hence the image is broader in the normal position. 

6-11.2. The prism and how to handle it. It may be worth 
while to remember the meanings of terms used in connection 
with a prism. A prism may be considered to be a portion of a 
refracting medium with two intersecting plane boundary surfaces. 
These two faces are called the refracting faces of the prism (faces 
ABCD and ABFE, Fig. 6.22) and the angle between them is called 
the angle of the prism. The line along 
which these planes intersect is the 
refracting edge of the prism (line AB). The 
refracting faces are well polished. The 
prism is generally limited by a third 
face (CDEF) which, except in right- 
angled prisms, is generally set at the same 
angle to both refracting faces. This 
face is the base of the prism. It is gene- 

irani rally not polished and can thus be easily 

4 distinguished from the refracting faces- 

On the other sides the prism ís 

limited by two faces (CBF and DAE) perpendicular to the edge 

of the prism. Since no refraction occurs through them they are 
also not polished. The prism rests on one of these faces. 

A section of the prism perpendicular to the refracting edge 
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äs called a principal section (PQR’. In the elementary theory of 
the prism the incident and refracted rays are supposed to be confined 
‘to the same principal section. 
When using a prism take 
-care that its refracting faces 
are perfectly clean and have 
no trace of grease on them. 
Soft linen moistened with 
alcohol may be used to re- 
move the grease. 
In handling a prism don’t 
grab it by the sides. Always Fig, 6.22 (a) 
hold it between fingers by the 
top and bottom. To lift it tilt it in the manner indicated in Fig. 
6.22 (a). While placing it on a table proceed similarly. 


In cheap prisms, the refracting faces are not quite plare. 
They produce distorted (curved) images of the slit. Such prisms 
should not be used. 

6-113. Optical levelling of a prism. When working with a prism it is 
necessary that its refracting faces should be vertical, If the bottom section is per- 


pendicular to the faces, levelling the prism table automatically brings about this 
adjastment. But slight differences generally remain and may be removed by 
optical levelling, The operation is as follows : 

Place the prism on the prism table so that one of the refracting faces is at right 
angles to the line joining two of the levelling screws of the prism table. (In Fig, 
6.18 the face AB is shown placed perpendicular to the line QR). Tt will generally be 
found convenient to place the apex of the prism at the centre of the table, 

Turn the telescope so that its axis makes an angle of about 90° with the axis 
of the collimator, Then turn the prism table till you see in the telescope an image 
of the slit produced by light reflected from the face AB (i.e. the face which is per- 
Pendicular to the line joining two of the levelling screws). If the image is not 
central in the field of view (judged vertically), bring it to the centre by turning the 
above levelling screws (in opposite directions). Then turn the prism so that light 
reflected from the face AC enters the telescope. If the image is not central, make it 
so by turning the third levelling screw of the prism table. 

The first operation makes the face AB vertical. The second operation turns 
AB in its own plane but does not alter its adjustment, while it makes the face AO 
vertical. The two operations together constitnte optical levelling, 
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6-12. An auxiliary experiment: 

To set up a spectrometer and adjust it for parallel rays. 

(Note: This is not a prescribed experiment. But it is the 
essential initial part of all spectrometer experiments. It is advisable 
that the student practises the adjustments for two workiog days. 
This wil! enable him to set up the apparatus for any later experi- 
ment between 15 minutes and at most half an hour.] 

Apparatus and accessories. Spectrometer ; spirit level ; prism ; 
Bunsen burner with salt ring to produce monochromatic light 5 
screen for cutting out stray light from source ; reading lens. 
Procedure to follow (or Instructions). 

The essential adjustments are the following and should be 
performed in the given order (See Sec, 6-11.1): 

1. Levelling the instrument (that is, of the telescope, collimator 
and the prism table). 

These have been discussed in Sec. 6-111 under the head 
‘Levelling’. Sze the portions (b) and (c) at that place and the 
‘Summary’ of portion (a). 

2. Alignment of the source and screen. 

See portion marked ‘\ii)’ with this heading in Sec. 6-11.1. 

3. Focusing the cross-wires. 

See portion marked ‘(iii)’ with this heading in Sec. 6-11.1 

4, Adjustment of the slit. 

See portion marked ‘(iv)’ with this heading in Sec. 6-111 

5. Focusing for parallel rays. 

See portion matked ‘(v)’ with this heading in Sec. 6-11.1. Practise 
Schuster’s method. Remembzr the Mnemonic (=aid to memory) 
given there. 


6-13. To adjust a spectrometer for parallel rays by Schuster’s 
method and to determine the refractive index of the material 
of a prism by minimum deviation method. 

Theory. Let A bz the angle of the prism and 6 the mini- 
mum deviation which light of a given colour undergo2s by refrac- 
tion through the prism in a principal section. Then the refractive 
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index of the material of the prism for light of the given colour is 
obtained from the relation 
n—sin 3 (A+6) 
sing A 

List of apparatus. As in Sec. 6-12. 

Instructions. A. Make adjustments 1 to 5 as indicated in 
Sec. 6-12, 

B. Vernier constant. Next, determine the vernier constant of 


the circular scale. Remember that the scale is graduated in de grees 
and fractions thereof. Express the vernier constant in minutes or 
Seconds (but not in fractions of a degree). 


C. Angle of the prism. There are two methods for measuring 
the angle of the prism. One of them involves measuring the angle 
of rotation of the prism table, and the other—of the telescope. 

Place the prism with one of its refracting faces (call it AC) 
Perpendicular to the line joining two of the levelling screws of 


Fig. 6.28 Fig. 6.24 
the prism table (say, to the set of Parallel lines drawn on the prism 
table. See Fig. 6.13). The vertex of the prism should be at the 
centre of the prism table. 

Place the telescope at an angle of about 120° to the collimator. 
(This setting is not at'all critical. The value may be anything 
between 90° and 120°, but the higher value is Preferred because 
the image will be brighter.) 
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Method 1.—If the prism table has no vernier permanently 
attached to it, fix the axis of the prism table to the spindle of the 
disc which carries the vernier. (This is done by the screw H of 
Fig. 6.12.) 

Turn the prism table until an image of the slit formed by light 
reflected from the face AC can beseenin the telescope. (If 
necessary, level the prism optically See Sec. 6-11.3.) 

Set the junction of the cross-wires at the centre of the image. 
This can be done by fixing the telescope in position (screw F. T: 


of Fig. 6.12) and working its tangent screw T. T. Read the verniers 
(of the prism table). 


The prism table may nəw be slightly disturbed and the image 


set on thez cross-wires again. But this time the fine adjustment 


should be made by fixing the prism table by means of the screw 
F.P. (Fig 6.13) and working its tangent screw T. P. The operation 
of re-setting should be done thrice and the verniers read each time. 

Release the screw F. P. so that the prism table is now free to 
move. Turn it so that an image of the slit is again seen in the 
telescope, this time by reflection from the face AB which has 
moved to the position Ab (Fig 624). Note that the telescope 
remains fixed in its former position. 

Bring the image on the cross-wires as before. Read the verniers. 
Take three independent sets of readings in the manner already 
described. 

The angle by which 
the prism table has 
turned between the 
two positions is equal 
to 180°—A. 

Method 2.—In this 
mhod the beam from 
Fig. 6.25 the collimator is allowed 


to fall simultaneously 
on both refracting faces of the prism and is reflected therefrom 
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(Fig 625). The telescope is set successively to receive the reflected 
beams, the centre of the image being brought into coincidence with 
the junction of the cross wires at boch positions. The angle by 
which the telescope turns between the two positions is twice the 
angle of prism (Fig. 6.26) 

Note that in this method the prism table remains fixed in 
Position while the telescope moves. In Method 1, the telescope 
remains fixed in position, while the prism table moves. In either 
method the inrstrumet 
which does not move 
should be kept fixed to 
the body by means of 
the respective fixingscrew. 
For fine adjustment the 
tangent screw of the oth-r 
should be worked. 

In both methods the 
vertex of the prism should 
be at the centre of the 
prism table. If the source 
is not properly aligned 
you may fail to get one 
of the images. 


Fig. 6.26 


D. Angle of minimum deviation. Adjust the prism so that the 
deviation isa minimum. The prism should be so placed, that it 
receives the maximum light from the collimator while the plane 
bisecting the vertical angle of the prism passes through the axis of 
Totation of the prism table. The circle drawn on the prism table 
helps in this adjustment. This position is totally different from the 
position in which the prism was placed in finding the angle. Fig 
the prism table. 


Having got the image exactly at the position of minimum 
deviation, set the cross-wires at the centre of the image. Read 
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both verniers {the telescope verniers if they are separtae) Take 
three independent sets of readings. 


Remove the prism, but don’t disturb the prism table. Place 
the telescope in a straight line with the collimator and take the 
direct reading. The difference from the previous reading gives 
angle 6. 


Experimental results : 


Vernier constant : 


Smallest division of the circular scale=- ‘min. 
„ecir. scale divisions (s)=-***++vernier divisions W). 
+. Vernier constant=L1s -— ly=:" +++ main scale division. 


=-++++seminutes (or seconds) 


Angle of the prism : 
(If by Method 1, tabulate as follows *) 


oe 
First position of prism table by Second position of prism table by 


First vernier Second vernier First vernier Secend vernier 


Roadings | Mean Readings | Mean | Readings | Mean Readings | Mean 


ug a el ek Oe ae 


180°—A A=180°—¢* 
Ist vernier 2nd vernier Mean 
(=a) (=b) | i sate Dy ue N e 


(If by Method 2, write ‘telescope’ for ‘prism table’ and 24 for 
180°—A in the tables.) 
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Angle of minimum deviation : 


Readings of telescope Direct readings by 
at minimum diviation by 


| 


First vernier Second yernier First vernier Second yernier 
| ae or 
Readings Mean Readings | Mean | Readings | Mean | Readings | Mean 


lst vernier 2nd vernior | Mean 


Value of § af, daha | 


uasin $(A+6)_ sine 


sing A sinse 


[N. B. In measuring A and 5 it sometimes so happens that 
the zero of the circular scale is crossed in going from one position 
to the other. In case this happens the actual angle turned through 
is obtained by adding 360° to the lower value and subtracting the 
higher value from the sum. 

Suppose in measuring A by method 2 (the split beam method) 
‘the values are found to be 290° and 50°. The zero of the scale has 
‘been crossed in this case. The value of the angle turned through 
iby the telescope is (360°+ 50°}—290°. 

The student should carefully note whether he cross the zero of 
the circular scale while measuring a rotation.] 


Precautions, 


(i) There must be no parallax between the cross-wires and the 
image of the slit, 


(ii) The source must be preperly aligned 
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(iii) While measuring the angle of the prism the vertex of the 
prism should be placed at the centre of the table. 


Method followed: (A brief statement) 


[In your record you may write as follews : ] 

1. The spectrometer was levelled in the usual way soas to 
make (a) the axis of rotation of the telescope vertical, (b) the axis 
of the telescope and collimator horizontal and íc) the top of tbe 
prism table horizontal. 

2, The sodium flame was placed at a distance of about 8” 
from the slit (so as to fill completely the aperture of the colli- 
mator lens). The axis of the collimator passed through the centre 
of the flame. The salt ring was so placed that the brightest part 
of the flame was opposite the slit. 

3. The eyepice was focused on the cross-wires, the eye being 
at rest (ie. free from strain). The cross-wires were vertical and 
horizontal (or turned throagh 45° to the vertical). 

4. The slit was made vertical and narrow. 

5. The telescope and collimator were adjusted for parallel 
rays by Schuster’s method. 

6. There was no parallax between the cross wires and the 
image of the slit. The cross-wires were set at 45° to the horizontal. 

7. The vernier constant of the circular scale was determined. 

8. The angle of the prism was determined by keeping the 
telescope fixed in position (Method 1)/prism fixed in position 
(Method 2). 


9, The angle of minimum deviation was then measured. 


Oral questions (on adjustment of the spectrometer). 


I, Whatare the essential adjustments of the spectrometer? State briefly 
how they are made. 


2. What i i 
“ie ae the EE if (a) the source does not lie on the axis of the collimator» 
meter is bodily tilted after it has been levelled, (c) no adjustment for 
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parallel rays is made, (d) the slit is not vertical, but the refracting edge of the prism 
is so? 
3. State briefly the theory of Schuster’s method. 


Answers. 1. (See Sec. 6-11.1. Briefly state the contents of portions marked (i) 
(it), (iii), (iv) ana (v) of that section.) 

2. (a) The collimator lens may not get any light at all, or get it so partially 
and at such an angle that we may fail to get the image in the telescope. 

(6) The source will not remain properly aligned, and the difficulties mentioned 
in (a) above will appear. 

(c) When focused for parallel rays. the rays through the prism are also parallel. 
When no¢ focused for parallel rays, a divergent beam passes through the prism. 
The angle of divergence is different for different positions of the yirtul image 
formed by the prism. The angles of emergence therefore differ. 

(d) Different parts of the image will have different deviations. 

3. 8ee "Theory of Schuster’s method’ at the end of Sec. 6-11.1. 


Oral questions. (on determination of r.i. of prism). 


1. What do you mean by (a) the principal secticn, (b) the refractimg edge 
and (c) the base of a prism 2 

How does a vay pass through a prism at minimum deviation ? Which of the 
ollowing statements is more correct—(a) the ray passes parallel to the base, or 
i(0) the ray passes perpendicular to the plane bisecting the angle of the prism ? 

3. How did you place the prism when measuring (a) the angle of the prism, 
(ò) the angle of minimum deviation 2 

4. What is it that you see in the telescope ? 
Where is it situated 9 

5. Why should there be no parallax between the er 


Is the image real or virtual ? 


‘oss-wires and the image ? 
6. For what colour have you detemined the wavelength ? Would it be 
different if white light were used 2 


Answers, 


1. (See Section 6-11.2) 

2. We say that the Tay passes symmetrically through the prism, thereby meaning 
that it is perpendicular to the plane bisecting the angle of the prism. Only when 
the prism is isosceles, the ray is parallel to the base. Statement (b) is more correct, 

3. (a) The vertex of the prism at the centre of the prism table. (b) The centre 
of the base at the centre of the prism table. 

4. The image of the slit. It is virtual. At infinity, if the telescope is focused 
for infinity. 


13 
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5. If there is parallax the reading (of the telescope) will be in error. 


6. For sodium light (wavelength 5893 A). White light would give a conti- 
muous spectrum. R. i. for different parts of the spectrum are different. 


6-14. To find the refractive index of the material 
of a thin prism by the method of normal incidence 
Theory. Let a ray of 
light be incident normally 
on one face of a thin prism, 
and emerge out of the other 
with a deviation 0 (Fig. 6.27). 
Then the angle of emergence 
is A+06 where A is the angle 
of the prism. The correspon- 
ding angle of incidence 

within the prism is A. 
Since the path of a ray is 
reversible, a ray of light incident on the prism at angle A+0 will 
be refracted into the prism at an angle A. Hence by definition the 


refractive index of the material of the prism relative to the outer 
medium is given by 


Fig. 6.27 


(6-14.1) 


(Note. If the angle of prism were very small making A+9 
smaller then 5°, the sine values may be replaced by the values 
of the angles. The error involved in such substitution is about 
1 part in 900.) 

List of apparatus. Spectrometer, spirit level, an ordinary. 
prism for focusing by Schuster’s method, the experimental prism, 
a reading lens, etc. 

Instructions. Make adjustments (1) to (5) as detailed in Sec. 
‘€12. Find the vernier constant. Take the direct reading. Turn 
the telescope exactly through 90° and fix it there. 
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Cleanse the thin prism if necessary. Place it with its apex 
Over the centre of the prism table and one of the tefracting faces 
Perpendicular to the line joining two of the levelling screws of the 
prism optically (see Sec. 6-11.3). 

Angle of the prism. If the prism table has no separate verniers, 
attach the table to the spindle of the disc carrying the verniers. 
Find the angle of the prism by Method 1 elaborated in Sec. 6-13, 
Take care not to alter the position of the telescope in any way. 

Setting the prism for normal incidence. Push the prism parallel 
to itself over the centre of the table so that it intercepts maximum 
light from the collimator. Now, rotate the prism table until you 
see in the telescope an image of the slit formed by reflection from 
One face of the prism. Bring the centre of the image on the 
junction of the ctoss-wires. The hecessary fine adjustment should 
be done by fixing the Prism table and working its tangent screw. 
Read the position of the verniers: Note that this makes the 
incidence on the receiving face of the prism exactly equal to 45°, 

Release the fixing screw ( F. P., Fig. 6-12) of the Prism table, 
Turn the Prism table along with the verniers exactly through 


Angle of deviation. Release the telescope and bring it almost 
in line with the collimator. You may see two images, one formed 
by light from the collimator reaching the telescope directly if the 
Prism is not large enough to intercept the entire beam. The other 
image is the refracted image and lies on the same side of the former 
image as the base of the Prism. Set the junction of the cross- 
wires at the centre of the second image and take the reading of 
the verniers. The fine adjustment should be done by working the 
tangent screw of the telescope. The prism table should not be 
disturbed in any way. 

Now remove the prism without altering the position of the 
Verniers, Take the direct reading. The difference between ths 
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value and the previous one is the value of 0. (Note that unless 
the scale is fixed the first direct reading and this one will not agree ) 


Experimental results : 
Vernier constant : 


Smallest scale division ot the circular scale=:--min 
«circular scale divisions=-:-vernier divisions. 
.. Vernier constant=---(minutes or seconds). 
Direct reading=---(a) [Read one vernier only.] 
Telescope set at (290°), i.e., at= -= 
(The value 90° is to be added or subtracted according to the 
direction in which the telescope is turned.) 
Angle of the prism (A) ; 
[Make table as in Sec. 6-13.] 
Angle of deviation (0) : 
[Make table as in Sec, 6-13,] 
sin (A+6)_sin---++ 


H = — 
sin A sins... 


Precautions. Asin Sec. 6-13. 


Method followed : 


[Write itas in Sec, 6-13.) 


But after item 7, add (8) The telescope was fixed at 
90° to the direct beam. 


(9) dhe angle of the prism was determined, and the prism set for normal 
incidence, 


(10) ‘The telescope was then released and the angle of deviation measured. 


Oral questions. 


1, What is a thin prism? For determining r.i. of the material, has it apy — 


advantage over a larger angled prism ? 
2., How do you find the angle of incidence in this case ? 


8. Is there only a single value of the angle of incidence corresponding to a give? 
angle of deviation 7 


4. How does deviation depend on the colour of light ? 
5. Could you have used white light for your experiment ? 
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6. Why do you use a sodium flame ? 


T. What is the wavelength of the light for which you have measured the r.i. 7 
Answers, 


1. Aprism of which the vertical angle is small is called a thin prism. For 


measuring r.i., it has no material advantage over a larger angled prism. When 


A<5° or so we may write sin A=A and sin 0=8, correct to within about 1 part 

in 1000. When 4A+¢ docs not exceed this value, the deviation 9=("—1) A is 

practically independent of the angle of incidence, which must be near normal. 
2. (Say how you did it. The incidence was normal.) 


3. Unless the deviation is minimum, there are two angles of incidence for 
which the deviation is the same, 


4. Deviation increases slightly with increase in #. Hence shorter light~ 


Waves ( violet, blne etc, ) are more deviated than longer wave (red, orange, ete.). 


5. No, different colours will be differently deviated. 
6. To get Monochromatic light. 


7. 5893 A—the mean wavelength of sodium light. 


6-15. To plot the incidence-deviation curve and hence to 
find the angle of minimum deviation of a prism 

Theory. The deviation which a tay of light undergoes on 
refraction through a prism depends on the angle of incidence, the 
angle of the prism, the refractive index of the material of the 
prism and the colour of light. If the angle of incidence is changed 
keeping other factors constant, the deviation also changes and 
Passes through a minimum. 

List of apparatus. As in Sec. 6-12. 

Instructions. Make adjustments (1) to (5) of the spectro- 
meter as detailed in Sec. 6-12. Find the vernier constant Remove 
the prism. If the prism table has no separate verniers, detach the 
prism table from the vernier so that the former can be moved 
without moving the latter. Fix the verniers (screw F. P., Fig 6-12). 
Take the direct reading. Call it D. This value plus or minus 180° 
gives the position of the collimator. Call it C. 

Cleanse the faces of the Prism (with a soft piece of cloth ), if 
necessary. and place the prism on the prism table with one of the 
refracting faces perendicular to the line joining two of the levelling 
Screws of the prism. Further, the plane bisecting the vertical angle 
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of the prism should pass through the axis of rotaion of the prism 
table while the vertex of the prism should not be more than, say, 
One centimetre away from the axis. This will enable you to see 
both the reflected and the 
tefracted images without 
diffculty. Level the prism 
optically, if necessary (Sec. 6-11.3), 

Slowly rotate the prism 
table to more slant positions and 
look for the refracted beam with 
naked eyes. Reach the position 
at which the refracted ray 
emerges almost grazing the 
surface ( Fig. 6.28). Rotate the telescope to receive this image on 
the cross-wires and read the (telescope) verniers. Call it RE 

Turn the telescope towards the side of the vertex of the prism 
soas to receive the reflected image on the cross-wires. Read the 
position of the telescope. Let it be Tis 

Then the difference of C and R 1 is the angle of deviation 


and half the difference of C and 1; is the corresponding angle of 
incidence, 


Fig. 6.28 


Move the telescope about 10° towards the collimator. Turn 


the prism table so as to throw_the reflected image into the tele- 
scope. Get the image on the cross- 


wires and read the Position of the 
telescope. Let it be ra. 


The angle of incidence has now diminished 
by half the difference of r, and Te. The new value is 4 (C~7r.), 

Without disturbing the prism table rotate the telescope to 
receive the refracted image on the cross-wires and take the read- 
ing. Let it be Rs. Then the angle of deviation corresponding to 
the altered angle of incidence is D~R». 

In this way go on moving the telescope nearer to the collimator 
by steps of about 10°, and for each setting of the telescope read the 
Position of the refra Carry on the observations until 


f cted image. 
you fail to get either the reflected or the refracted image. 
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Calculate the corresponding values of the angles of incidence 
(i) and deviation (8). Plot the graph of ô against i as the: 
independent variable. 


Experimental results : 


Vernier constant: (Asin Sec. 6-13) 

Direct reading (C) = ----- (in deg., min, and sec.) 
Reading corresponding to incident beam 

=D+180° or D—180°=---+++++(C) 


— 


Readings for 


| 


reflected image 
(r) | | 
| | 


| | 


Draw graph of ô against i. (The nature of the graph is shown 
in Fig. 6-29.) 
From the graph, the minimum value of 5=-+++++++ 
and the correspoding value of i= m+»... e.. 


refracted image | i 
(R) 


=(0—r)/2 =D—R 


Precautions. 


1. The source must be properly aligned. 

2. There must be no parallax between the cross-wires and the 
image of the slit. 

3. To get the image exactly on 
the cross-wires work the tangent 
Screw of the telescope. 

4. The prism table must not 
move until both the angle of incid- 
ence and the corresponding angle of 
deviation have been measured. 

5. Where the scale moves with 
the telescope the verniers must remain rigidly fixed. If the scale is 
fixed the verniers of the telescope are to be read. 


Fig. 6.29 
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Method followed : 


[ Record item 1 to 7 as in “Method followed” under Sec. 6-13. ] 

8. The direct reading was taken. The centre of the base of 
the prism was placed on the centre of the prism table. 

9. Starting from nearly grazing angle of emergence, the 
image positions were determined at intervals of about 10° and 
readings of the telescope taken to find ô. 

10. For each ô, the telescope was turned to receive the reflected 
image on the cross-wires and the readings taken. 

11. From the set of i, ô values so obtained, the i—s graph was 
drawn and the value of minimum 8 determined. 


Oral questions. 

1. Is it always possible to get a refracted ray through 

2. What is a total reflection prism ? Can yon get a refracted ray through it? 

~-8. When a beam of light falls on one face of 
Ts it wholly refracted ? 


a prism ? 
a prism what happens to it ? 
4. Will there be an emergent ray if light falls on one face of a 


right angles to the face ? 


5. In this experiment you are using the formula for refraction at a 
face. Isa prism essential for the work, or conld you have 
parallel faces ? 


60° prism at 


single sur- 


used a glass plate with 


Answers, 


1. It may not be possible, If the angle of incidence on the second face 


(inside the glass) is greater than the critical angle, there will be no emergent ray. 


The ray incident on the surface will be totally internally reflected, 
2. Ordinarily it is a right-angled isosceles prism. A ray entering it through 
any of the shorter sides is totally internally reflected from the 


hypotenuse face, If 
incident normally on the hypotenuse face, it is totally 


internally reflected 
successively from the other two faces and comes ont through the hypotenuse facc. 
8. At each air-glass surface a part of the incident light is reflected anda part 


refracted (except when total internal reflection occurs), Amount of reflected 


light increases with the angle of incidence, 
4. No emergence from the second (refracti ng) surface. ‘lhe 
60° incidence on the second face and is totally reflected towards the base. 


5. When a parallel Blass plate is used, th 
incident ray, 


light falls at 


e emergent ray is parallel to the 
A spectrometer cannot mea 


sure the angle of refraction within a 
parallel glass plate. 
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6-16 To measure a small angle using a scale and telescope. 
In the next two experiments you will be required accurately to 
measuse small angles, smaller than a degree. The angles are the 
angles between two positions of a spectrometer telescope. The 
measurement can be made withthe help of a scale and another 
telescope. 

Mount a piece of plane mirror vertically on a cork. Attach 
the cork with a little bees-wax on the tube of the spectometer 
telescope. 

Hold a lamp near the plane mirror and look for its image in 
the mirror. Now gradually move away from the mirror in a direc- 
tion normal to it, but never lose sight of the image of the lamp. If 
the image tends to go out of the field of view in a vertical direction, 
alter the tilt of the mirror. The lamp should be close to the eye 
and shaded from the eye. In this way move as far back as you 
can. Stop at a distance of about 2 metres, preferably more if you 


fig. 6.30 


(Scale-and-telescope arrangement, When the mirror is at M,, N, is on the 
normal to the mirror, As M, turns through @ to My, N, is on the normal, N,N, 
subtends angle @ at the mirror. Tf the point A of the scale was focused in the teles- 
cope with the mirror at M} and the point B with the mirror at M,, then AB 
subtends angle 20 at the mirror, ] 


have space. Clamp the lamp to a stand at the place you last held 
it. Take a telescope on stand with a paper scale mounted horizon- 
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tally on the stand. Place the telescope where your eye had been. 
before you clamped the lamp. Direct the telescope towards the 
mirror and look for the image of the lamp. Move the lamp near 
the telescope keeping its image in the fieid of ‘view until the lamp is 
close to the scale. Turn the lamp shade to screen the mirror. The 
illuminated scale may now be seen. Adjust for best view of the 
scale ( in the telescope ) and focus the scale. Measure the distance 
D between the mirror and the scale with a measuring tape. 

If the mirror turns about a vertical axis through a small angle 
® (in radians ), the scale reading in the distant telescope will 
change by d ( = AB ; Fig. 6.30) where 

d=2D0 whence 6=d/2D. 
Note that the scale should be parallel to the mirror. 


6-17. To determine of the width ofa slit by measuring the 
diffraction fringes produced by it 

Theory. Let a parallel beam of monochromatic light from 
an illuminated slit S fall normally on a second slit S’, parallel to 
the first ( Fig. 6.31). If the transmitted light is observed through a 
telescope focused for infinity and rotating about the second slit as 


Lf 


Fig, 6.81 


axis, a number of diffraction fringes will be observed on. either side 


of the central maximum. If 6, 
the direct beam and the nth min 
of the second slit and 7. the wa 


( Fig. 6.32 ) be the angle between 
imum on either side, ‘a’ the width 
velength of the monochromatic beam 
then nl=2 sin On. oo (6-17.1) 
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As On is very small, we may write sin On=On 

++ =a or a=ni/6, ex (6-17.2) 
where % is in radians. Knowing n and 2 and measuring ô», ‘a’ the 
width of the slit may be determined. 

As 6, is very small and corresponds only to a few vernier 
divisions of the spectrometer, it is usually measured by a telescope 
and scale arrangement (see Sec. 6-16). A small plane; mirror 
with its plane vertical is 
attached to the observing 
telescope and the reflected 
image of a horizontal scale 
Placed at a distance is 
observed through a second 
telescope. If d be the 
linear shift of the scale 
division coincident with the 
cross-wires of the second Fig, 6.82 
telescope when the observing telescope is turned through an angle 
9, then 9=d/2D, where D is the distance-of the scale from the 
mirror. 

The scale should be parallel to the mirror. 

List of apparatus. As in Sec. 6-12.; experimental slit: 
mounted vertically on horizontal stand (a slit of width 0'1- 0'2 mm 
is suitable) ; scale-and-telescope arrngement ; small mirror for 
mounting on telescope. 

Instructions. The preliminary adjustments are threefold ; 
(a) adjustment of the spectrometer, (b) setting up of the telescope 
and scale arrangement for measurement of angle, and (c) setting 
up of the slit on the prism table. 

(a) Make adjustments (1) to (5) of the spectrometer as stated in 
Sec. 6-12. Remove the prism and set the teleseope for direct reading. 

(©) Take a small plane mirror mounted vertically on a suit- 
able horizontal base, and attach the base to the tube of the 
telescope with a little wax so that the mirror is vertical. In the 
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manner described in Sec. 6-16 set up a scale and telescope at a 
distance of two metres or more from the mirror. The line joining 
the scale and the mirror should be perpendicular to both. Adjust 
so that a clear image of the scale is seen through the telescope. The 
lamp used to illuminate the scale should be screened off from the 
test of the room. 


(c) Place the stand carrying the slit whose width is to be 
measured on the prism table such that the central line of the slit 


passes through the centre of the prism table, and the plane ot the 


slit is parallel to the line joining two of the levelling screws. Adjust 
the third screw, 1f necessary, to make the plane of the slit appro- 
ximately vertical. Rotate the prism table until the plane of the slit 
is perpendicular to the rays coming from the collimator. 

Narrow down the collimator slit and look at it through the 
Spectrometer telescope. You may find indistinct diffraction fringes 
in the field of view. Make the fringes as distinct as possible by 
turning one of the two prism-table screws, 


the line joining which is 
parallel to the plane of the slit. 


Now increase the width of the collimator slit to make the fringes 
as bright as possible without impairing their distinctness. 


The maximum width of the collimator slit for this condition is 7 Sia, ‘a’ bei ng 
the width of the second slit and f, the focal length of the collimator leng, 


From the above condition it is evident that if the width of the 


red be 0'1 mm and if the focal length of the collimator lens be 
sodium light, the 


slit to be measu- 
25 cm, then, for 
about 0°37 mm. 


sodium salt, the 
The maximum width of the 
should be 0,074 mm for distinct diffraction fringes, 


maximum width of the collimator slit should be 


For a weak source, such as a bunsen burner illuminated with 


Width of the second slit should not excced 0'5 mm, 


collimator slit in such a case 


To get favourable experimental conditio 
be several clear, bright fringes, 
such as a sodium lamp witha cy 
the rays on the collimator slit, 
of the spectrometer telescope 


ns where there will 
a strong monochromatic source, 


lindrical condenser lens to focus 
should bz used. Set the cross-wires 
on successive minima, 


: say from left 
to right. For each setting note the scale reading coi 


ncident with 
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the cross-wires of the second telescope, and record the order (n 
value) of each minimum. Remember that the minimum nearest 
to the central bright band has the order one, the next one two, 
etc. Measure the distance of the scale from the mirror. 

If time allows, take a second set of readings from right to left, 
Use the mean reading for the same order by twice the order number, 
you get the distance corresponding to 91. Note that it is not 
Tequired to use the spectrometer scale. 

Calculate a from the mean value of 9; so obtained, and verify 
your result using a travelling microscope. 

Note. Method of recording, including that of experimental 
Tesults, has been described at che end of the experiment below 


(Sec. 6-18), because the latter cannot be separated from the 
former. 


6-18. To determine the width of a narrow obstacle 
Separating two identical narrow slits by observing the diffra- 
ction and interference fringes they produce, 


Theory. Leta parallel beam of monochromatic light from an 
illuminated slit S fall normally on a plane containing two identical 
slits of width a separated by a distance b, the slits being parallel 


o—,—_____ 


Fig. 6.83 


to the illuminated slit (Fig, 6.33). If the transmitted light is 
observed through a telescope focused for infinity, a number of 
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diffraction fringes similar to that due to a single slit will be 
observed. (These are represented by the dotted outline in Fig. 6.33). 
In addition, the diffraction maxima, including the central one, will 
be found to be crossed by interference fringes of equal width. 
(These are shown shaded in the figure). If @ be the angular distance 
between successive diffraction minima, and ¢ the angular distance 
between successive interference maxima or minima, then 

2 = asin 0 for diffraction fringes, and 

| = (a+b) sin@ for interference fringes. 

As 0 and @ are very small, we may write sin 0=0 and sin «=a, 

Then 4=a0 and 4 = (a+b), 
Let d be the distance, on the scale ( of the scale-telescop2 arrange- 
ment) corresponding to @, and d’ that due toa. If Dis the scale- 
to-mirror distance, then 0=d/2D and «=d'/2D. Thus finally 


24 _2D aD 
fo d Zand a+b= re za ve (6-18,1) 
Fil abel 
b=2Di ata on see (6-18,2) 


List of apparatus. As is the last experiment (Sec. 6-17) 
except that the single slit is replaced by the experimental double 
slit. 

Instructions. All adjustment are exactly the same as in 
the case of the single slit experiment described in the last section 
(Sec. 6-17), except that the double slit replaces the single slit. 

Measure the angular distance (0) between successive diffraction 
minima on either side of the central maximum. In a similar 
manner, set the cross-wires of the spectrometer telescope on the 
centres of successive interference maxima and note the readings of 
the scale as seen through the other telescope (of the scale-celescope 
arrangement). Measure the distance D of the scale from the mirror 
(as before). Find a and b from the data. 2 will be supplied. For 
‘sodium light, 1=5893 x 10-8 cm. 

If you have a good travelling microscope with a vernier cons- 
tant of 0'0L mm, values of a and b may be checked with it. 
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Note. The slits may be 0'2 mm wide, separated by an obstacle 
0'4 mm wide. At a scale distance at about 2 metres, diffraction 
minima and interference maxima will be measurable on the scale. 


Experimental results : 


Measurements on diffraction minima. 
(The central maximum is taken as of zero order. Successive 
minima on two sides of it have order numbers 1, 2, 3, etc., and -1, 
-2, -3, etc, 
The table below is drawn up assuming that altogether 4 can be 
seen on either side of the central maximum, 


Order Scale readings (2) 
number on telescope scale 


Left to right | Right to left 


+ (c) 


Mean ôn of two 
readings of the 
same order 


*+[84=He+e’)] 


‘Calculation. 


Mean d, (for one fringe)=++ cm 
Distance D from scale to mirror on Spectrometer = cm 
Width (01) of a single fringe = d/2D = ... rad. 
2Di/d,= + 4 


Given wavelength 1=--A =... X 10-8 cm. 
Result. Slit width a = (2D/d,) 2=+- cm. 


For the double slit experiment you may use a similar table, But 
since there will be more fringes, you may not find time to take two 
sets of readings. Start from the extreme recognisable interference 
maximum on the left. Call it fringe 1. Then move fringe by 
fringe to the right as far as you can go. Take the difference in 
reading between 5 fringes, and then find the Mean of all suck 
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differences. Divide it by 5. This corresponds to the width of a 
single interference fringe. Arrange the table as follows : 


Fringe Scale Difference ô Mean Mean Mean 
number reading for 5 fringes G ale | d 
a a T 
1 +» (d",) | 
2 
3 
3 


= (Wo) (@’,=a',) 


Result: b=2D2 (+ =H) =-cm 
1 1 


Note. You may come across one difficulty in locating an 
interference maximum—maxima which occur near a diffraction 
minimum. Such maxima have a very low intensity and may not 
be detected. In case of such difficulty, better use the interference 
fringes in only the central diffraction maxima. They will be fewer 
in number. Set the cross-wires on each maximum, take the scale 
treading and find the average distance between successive fringes. 

The pattern of fringes you will get depends on the ratio of a 
tob It bis relatively large ( that is, a is small ), there will be 
more fringes of both kinds 3 but the intensity will be low. 


Method followed : (single slit) 


i ihe Spectrometer was ad 


justed in the usual way and set 
for parallel rays. 


2. The single slit was mounted on the prism table with 
its plane Perpendicular to the beam from the collimator, 
length of the slit parallel to the collimator slit. 

3. The fringes were made as bright as possible by adjusting 


the Monochromatic source of light and the slit width of the 
collimator, 


and the 


4. A small mirror was Placed vertically near the objective 
end of the Spectrometer telescope, anda scale-and-telescope arrange- 
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ment set at a distance of nearly -++ cm from the mirror to measure 
small angular deviations of the spectrometer telescope. 

5. The diffraction minima were located, and readings taken 
of their position from one end to the other end. These were then 
repeated in the reverse order. 

6. Data were recorded, calculations made and the slit width 
determined as shown. 

Method followed: (Double slit) 

1. As ahove. 

2. For ‘single slit’ write ‘double slit’. 

3. As above. 

4. As above. 

5.. The diffraction minima were located and readings taken 
of their position from one end to the other. 

6. The interference maxima were located and readings taken 
of their position from one end to the other (or for the central 
diffraction maxima only, as the rest were very feeble). 

7. Data were recorded, calculations made and results obtained 


as shown. 


Oral questions (Single slit avd Double slit). 
1. What is the fundamental difference between diffraction and interferenee ? 


2. Which of the patterns that you see here due to diffraction and which 
to interference » 

8. What causes the diffraction ? 
> | What will be the effect of increasing 2? 


5, Ifyou wanted bright fringes what should you do ? 
6. What is the effect of widening the collimator slit}? Or narrowing it ? 


7. What will be effect of holding the plane of the slit at an angle to the 
Incident beam ọ 

8. How would you know that the plane of your slit is perpendicular to the 
incident beam 7 

9, Why do we measure differences between diffraction minima but interference 


maxima ? 


14 


What causes the interference ? 
Increasing b ? 
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Answers. 


1. When a beam of light passes through an aperture or past the edge of an 
opaque obstacle and is allowed to fall upon a screen, patterns of light and dark 
bands (with monochromatic light) or coloured bands (with white light) are observed 
near the edges of the beam, and extend into the geometrical shadow. ‘The pheno- 
menon is known as diffraction and is common to all wave motions. 

Interference is the effect that takes place when waves from coherent sources are 
superposed. (Coherent sourees are sources of waves that vibrate in the same phase.) 

2. The wide pattern of maxima and minima seen in the spectrometer telescope 
is due to diffraction. The narrow pattern of maxima and minima occuring within 
a bright diffiraction band is due to interference. 

8. The slit causes the diffraction. Interference is 
acting as coherent sources. 


caused by the two slits 


4. Diffraction bands will be narrower. Interference bands will be narrower, 
5. Usea strongly illuminated slit with the light coming along the axis of 
the collimator. 

6. Widening will blur the pattern, Narrowing will reduce the intensity 
of the pattern. 

T. The pattern will be shifted to one side of the central line of the spectrometer, 
(The side towards which the plane of the slit has been tilted.) The intensity of the 
remote fringes will be lower than that of those nearer the central line. 

8. Ishall first mark the position of the direct beam. If the central maximum 
of the diffraction pattern falls on this line, the plane of the slit is normal to the 
beam. 

9, Diffraction minima occur when a sin =n}. where nis an integer. Diffra- 
ction maxima do not satisfy such in tegral relations, 

Interference maxima satisfy integral rolations of the same kind a+b) 
sin an=n}À]. 


619. To determine the radius of curvature of the convex 
surface of a lens by means of Newton’s rings. 

Description of apparatus. The apparatus commonly used 
for this experiment is as shown in Fig. 6 34, A convex lens Ly 
the radius of curvature of the lower surface of which is to be deter- 
mined, is placed on an optically worked plane glass plate p. A 
bunsen flime illuminated with sodium salt is placed in the focal 
plane of another lens L’ fitted in the circular aperture of a screen. 
A horizontal beam of rays from the lens L’ falls on the surface 
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of another glass plate P’ inclind to the vertical at an angle of 
45°. The rays after reflection fall on the combination of the lens 
L and the glass plate P. A travelling microscope M, directed verti- 
cally downwards, magnifies the system of rings which forms practi- 
cally on the glass plate P. The screen prevents light from the 
source from reaching the observer’s eye. 

Theory. When a moncchromatic beam of light coming from 
an extended source is incident on acombination of L and P as 
shown in Fig. 6.34, a part of it is reflected from the lower surface 
of the lens and a part, after refraction through the film between L 
and P, is reflected back from the surface of the plate P. These two 
parts are in a condition to interfere and give rise to a system of 
alternate dark and bright rings with O, the point of contact 
( between L and P ), as centre. 

If the angle of incidence of the rays which fall on P is 6, and 
“is the refractive index of the film between L and P, then the 
diameter D, of the nth dark or bright ring is given by 

D*,/4=n2R/t cos 0 ( for dark rings ) 


D®,/4=2rt1y aR ( for bright rings ) 
2- cos 8 


where 2 is the wavelength of the light used and R is the radius 
of curvature of the lower surface of the lens L. 

For ¿normal incidence (@=0), as in the arrangement shown 
in Fig. 6.34, and with “=1, ie. with an air film between L and P, 
we have 

D*,=4nR ( for dark rings ) 

and D*,,=2(2n+1) 2R ( for bright rings ) 

Knowing 4 and measuring the diameter of the nth dark or bright 
ring, R, the radius of curvature of the convex surface of the lens 
in contact with the plate P, may be determined. 

But it is generally found that due to deformation of the lens 
surface near the point of contact, a few rings round the central 
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dark spot are not circular. Further, due to presence of dust parti- 
cles the central fringe may not be dark. In order to eliminate 


Ú P 
SS 
e 
Fig. 6.34 


difficulties arising out of these factors, the following procedure may 
be adopted for the detemination of R. 

lf Dmsn and Dn be the diameters of the (m+n)th and nth dark 
or bright rings, then 

D? m+n —D?q=4miR ( for the dark or bright rings ), 

The above relation indicates that R may be determined even 
without knowing the exact ring number (m+n) orn. Thus by 
mesuring the diameters of any two dark or bright rings by means of 
a microscope and counting the number of dark or bright rings 
lying between them, R may be determined. 

List of apparatus. Newton's ring apparatus containing lens 
Land plate P; broad sodium flame placed about the focal plane 
of lens L’, plane glass plate P’ ; travelling microscope M. 

Instructions. Arrange your apparatus as shown in Fig. 6.34: 
Level the microscope so that the scale along which it slides is hot 
zontal and the axis of the microscope is vertical. Focus the eye“ 
piece on the cross-wires. Find the vernier constant or ‘the least 
count of the micrometer screw of the microscope. Carefully clea” 
the sufaces of the glass plate P and the lens L by means of cotto” 
moistened with benzene or alcohol. Place the glass plate P * 
shown in the figure and focus the microscope for a small speck ° 
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dust particle or any mark on its upper surface. Now place the lens 
L on it such that the centre of the lens L is vertically below the 
microscope objective. Adjust the position of the sodium ring on the 
bunsen flame so that an extended bright surface of the illuminated 
flame isin front of the lens L’ at a distance approximately equal 
to its focal length. If you now look into the microscope, probably 
you will see alternate dark and bright rings. Adjust the glass plate 
P’ by rotating it about a horizontal axis till a large number of evenly 
illuminated bright and dark rings appear on both sides of the central 
ting. Adjust the position of the lens L’ with respect to the flame 
so that a maximum number of rings are visible through the micro- 
scope. 

After completing these preliminary adjustments, focus the 
microscope on the centre of the ring system by sliding the micros- 
cope as also by carefully moving the combination L and P, if nece- 
ssary. Focus the microscope to view the rings as distinctly as 
posible and set one of the cross-wires perpendicular to the direction 
along which the microscope slides. Displace the microscope to 
the-left counting the number of bright rings passed and set it on the 
remotest distinct bright ring so that the cross-wire perpendicular to 
the line of traverse of the microscope passes through the middle of 
the-bright ring and is tangential to it. Take the reading of the 
microscope. Slide back the microscope and set it similarly on the 
next bright ring. In this way take readings for three or more 
consecutive bright rings. Next pass off a number of intermediate 
tings and again take readings for three or more consecutive rings 
near the centre, of course avoiding the few deformed rings which 
form round the centre. Next slide the microscope to the right and 
again take readings setting the cross-wire on the same rings as before. 
During experiment take care not to disturb the combination in 
any way. In the case of a microscope provided with a micrometer 
screw arrangement, take special care to avoid backlash error. 

From the readings taken determine the diameters of the rings 
observed. Repeat the experiment by sliding the microscope back 
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from right to left and again from left to right taking readings for 
the same rings as before. If time permits repeat the whole ex- 
periment by rotating the lens combination tbrough a right angle. 

Tabulate you data as follows. 

Experimental results : 

Vernier constant or constant of the micrometer screw : 

[ Record details as in other experiments i] 

Measurement of the diameters of the rings : 

[ Specific values of ring number are given only for illustration. ] 

ON 


nn, 


Reading of the microscope ( in em ) 
Left Right i 
Ring bas ; DE eadie scot pon Mean 
No. Main | Vernier | Total | Main | Vernier Total D 
Scale | or C.S. Scale | or 0.8. 
26th (i) 
(it) 
(iii) 
25th 
ete, 
6th (i) 
(lii) 
5th 
ete, 
ing D D D*m+n—D? y me Mean : 
min- D'a 


26 th 

25th 

24th 
6th 
5th 
4th 


Mean wavelength of sodium light ())=5803 A 
= 5893 x 10-8 cm and m=---(here 20 as tabulated) 
D? = D,? 
R= min Dr _ 
ám à cm: 
The radius of curvature of the lower surface of the 
given lens=- cm. 


Result ¢ 
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Method followed: {A brief statement.) 

1. A long focus !ens was laid on a clean, optically flat glass 
plate. Light froma broad, moncchromatic source was allowed 
to fall on the combination, normal to the plate. 

2. A long focus travelling microscope is then fccused verti- 
cally on the air gap between the lens and the plate near their point 
of contact. A number of concentric, circular dark ard bright-rings 
are seen in the field of view of the microscope. These are Newton’s 
rings. The rings near the centre may bz slizhtly distorted due 
to distortion of the glass surfaces near their point of contact. The 
central ring is generally dark. 

3. Diameters of a number of bright rings are then measured 
with the mircoscope. From the dita so obtained the radius of 
curvature of the lower surface of the lens was measured in the way 
shown above. 


Oral questions. 


What do you understand by intereference of light 9 


Late 


How does interference take place in the formation of Newton’s rings ? 

Can light from two independent sources interfere ? 

Where are the rings formed in this case ? 

Where are the interfering sources in this case H 

Why is an extended source necessary in this case? What would happen if 


Pag 


you had a point source or a slit instead of the extended source ? 


T. What would happen if you use white light in place of sodium light ? 


Answers. 


1. See answer to Q. 1 of Sec. E-188. 

2. In this case, a ray of light reflected from the glass plate falls practically 
normally on the airgap between the long focus lens and the plate below it, A 
part of the ray is reflected from the upper side of the air gap, and another from the 
lower side. When these two are combined by the microscope (or the eye), there 
may be no illumination at the point if the two fractions of the Tay are in opposite 
phases. Whether the two fractions will be in opposite phases depends on the 
extra optical distance traversed by one part. The rings are circular because places 
of equal thickness are circular. When the two parts are in phase, the point is bright. 
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The interfering rays are the two parts of the same ray. Each point of the 
pattern is formed by different rays. So the source has to be wide. The two parts 
are coherent as they are derived from the same ray. 

3. No, because there is no phase relation between light from different sources. 

4. The rings are formed on the underside of the lens. 

5. See answer to Q. 2 

6. See answer to Q. 2. Only a small part of the entire pattern could be seen., 

T. The diameter ofaring depend on the colour of the light. For light of 
different colours a ring will have different diameters. Near thé centre there will 
be a few coloured circles. But a little beyond, there will be so much Superposition 
that no distinct circle of one colour can be made ont. 

6-20. Rotation of the plane of polarization: Polarimeter. 

A ray of light may be considered to consist of transverse waves 
whose oscillations occur at right angles to the directions of travel. 
These directions are distributed over an infinite number of planes 
containing the ray. The light is said to be linearly polarized 
(or plane polarized) when the oscillations are confined to one 
plane. 

Linearly polarized light may be produced by passing light 
through a suitably cut prism of calcite, called a nicol. When 
a monochromatic source of light is examined through two such 
prism, the intensity of the transmitted light varies as the first prism 
(the one nearer to the source) is rotated. This prism is called the 
polarizer, the other the analyser (the one nearer the eye). The 
prisms are said to be crossed when the intensity of the transmitted 
light falls to a minimum. As the analyser is turned through 360°, 
the intensity passes through two maxima and two minima. At 
minima, we get practically complete darkness. Direction of 
vibration of light passing through a nicol is parallel to the short 
diagonal of the end section. 

If a vessel containing a solution of certain crystalline substances 
(called optically active substances) be inserted between the analyser 
andthe polarizer when the intensity of the light is a minimun, 
rhe intensity incteases. The intensity can again be reduced to a 
minimum by rotating any one of the prisms, say, the analyser. 
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This shows that the effect of the solution has been to rotate the 
plane of polarization. This phenomenon, called optical activity, 
is shown by some solids and liquids (sugar solution among them). 

The optical activity of a substance is defined by its specific 
rotation. For solutions, the specific rotation is given by 


rotation per decimetre of optical path through solution 
grams of optically active substance per cm? of solution 


Specific rotation is not a constant. It depends upon the wave- 
length of light used and the temperature of the solution. 

To measure the rotation of the plane of polarization, a special 
piece of apparatus, called a polarimeter, is used. Its essential parts 
are a jolariser, an analyser, anda tube for holding the solution. 
Besides, there is a circular scale with verniers for measuring the 
rotation and one or two eyepieces for taking readings. 

Unfortunately, the analyser can be turned through an appre- 
ciable angle without any change in the minimum becoming detec- 
table. This lack of sensitivity can be overcome by using special 


devices. Of these, the one to be used with white light is the 


biquartz. 

6-201. Biquartz. It consists of two equally thick semicir- 
cular plates of quartz which form acomplete circle. One is of 
right-handed quartz (that is, of quartz crystal rotating the plane of 
polarization clockwise). The other is of left-handed quartz*, both 
being cut perpendicular to the optic axis. 

When a plane polarized beam of light passes through the plates, 
one of them rotates the plane of polarization clockwise and the 
other anti-clockwise. 

The amount of rotation depends on the thickness of the plates 
and the wavelength. For a thickness of 3.75 mm the rotation is 
90° for yellow-green light of wave-length about 5600A. 

fen es 


#Quarta crystals occur in nature in the two varities. One produces right-handed 


rotation, and the other produces equal left-handed rotation of the plane of polari- 


zation for the same thickness, wavelength and temperature. 
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Suppose the vibration in the light incident on the biquartz is 
parallel to AB (Fig. 6.35). (This is parallel to the short diagonal 
cf the palarizing nicol’, In each 
half the yellow green light would 
be rotated through 90° relative 
to AB. Red will be less deviated, 
but blue more, in both halves. 
If the analyser is set with its 
short diagonal parallel to AB, 
yellow-green light will be missing 
from both halves, while compo- 

nents of other colours will be transmitted in equal proportions in 
both halves. The colour will appear to be a greyish violet and is 
known as the tint of passage. 

Tf the analyser is turned slightly from this Position, one half 
of the field will appear pink, and the other a dark blue, as one half- 
will transmit more of red and the other, more of blue. It is 
easy to detect an inequality of colour in the two halves of the 

“field. Hence the setting of the analyser on the tint of Passage can 
be fairly accurate. The experiment consists in so setting the 
analyser before and after insertion of the specimen and measuring 
the rotation necessary to get the tint of passge. 


Fig 6.35 


6-20.2. Description of the biquartz polarimeter 


The tube (T., Fig. 6.36) which holds the solution has carefully 
worked end-pieces. The ends are held in position by metal caps 


h T } 
% 
Ns a 


Fig. 6.86 


screwed against them. 


It is necessary to have rubber washers bet- 
ween the glass ends and 


the tube to avoid strain when screwing 
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up, for a strained end will produce rotation. The tube may have 
a metal cover to guard against temperature change. A lens L 
focuses the source M (a white pearl bulb is convenient) on the dia- 
phragm D» so as to throw maximum light on the field of view. 
A long focus microscope is focused on the line of sepatarion of the 
two parts of the field. Dı and D, are diaphragms to limit the 
beam. P and A are respectively the polarizer and the analyser. 
The analyser is fitted with a vernier which moves over a fixed 
circular scale S. (There may be two verniers 180° apart.) The 
biquartz, analyser and microscope turn together about the common 
axis of the polarimeter. The line of separation of the biquartz and 
the short diagonal of the analyser are parallel. 


Two positions of analyser for tint of passage. 


In Fig. 6.37, ABCD is the end section of the analyser and BD 
its short diagonal. Let the plane 
of vibration of the light reaching 
the analyser be parallel to EF. 
Then if the nicol be turned 
through the angle BOE, we shall 
get the tint of passage. We 
shall also get it if we turn the 
analyser through angle BOE in Fig. 6.37 
the opposite direction. The 
sum of these two angles is 180°. Generally, we work with the 
smaller angle. 


6-21. To calibrate a polarimeter and hence determine 
the concentration of sugar solution 


( Mother solution to be supplied ) 
Theory. The specific rotation @ of an optically active solution 


for wavelength 2 and temperature 1°C is given by 


gale 
lm (6-211) 
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where 9=angle of rotation of the plane of polarization in degrees, 
1=length of the light path through the solution in 
cm, and 
m=mass of the optically active substance in grams 
per cm? of the solution at tC. (mX100 is the 
number of grams per 100 cmê of the solution. 
This (100m) is called the concentration c of the 
solution by volume.) j 
We may therefore write. 
106 1000 0 a z 
NO = dene, Oe. Cate) 
If a biquartz is used with white light to give the tint of passage, 
the effective value of 7 is about 5600 A (a constant’. If we also 
hold / and the temperature const, the last equation (Eq. 6-21.2) 
shows that 0 is proportional to the concentration c of the solution. 

A graph of 0 against c will be a straight line. If a solution of 
unknown concentration c’ produces rotation 6’, then c’ can be 
determined from this graph. 

List of apparatus. Polarimeter; pearl bulb; lens ; metre 
scale ; measuring cylinder ; burette ; distilled water ; beaker. 

Instructions. 1. Measure the internal volume v of the 
polarimeter tube by filling it with water and measuring the volume 
of this water with a measuring cylinder (or burette). 

2. Rinse the tube well with distilled water and then fill it 
with distilled water at the room temperature. See that no air 
bubbles stick to tte tube. Place it in position. 

3, Align the source along the axis of the tub2 and focus it on 
the aperture of the analysing nicol. 

4. Set the analyser for tint of passage and read the vernier. 
Take at least three readings, each time after slightly disturbing 
the earlier setting of the nicol. The mean reading (0o) corresponds 
to c=0, and is taken as the zero Position of the analyser. 

_5. Take out the tube. Throw away the distilled water. 
Rinse the tube with the mother solution supplied. Fill the tube 
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with the mother solution (which should be at the room-tempera- 
ture). Place the tube in position. B2 careful not to allow any air 
bubble to form inside the tube. 

6. Turn the analyser and set it for the tint of passage 
(sameness of colour in both halves of the field). At an angle 
inclined at 180° to this position, the analyser will again give you 
sameness of colour in both halves. 

7. Of these two positions of sameness of colour in both halves, 
use the position which makes the smaller angle with the zero 
position of the analyser. 

Read this smaller angle thrice, each time disturbing the 
previous setting. Take the mean value. If this is ôr the rotation 
for the mother solution is (8;—4)=61. 

8. Dilute the mother solution from the tube by adding an 
equal volume v of distilled water to it. This reduces the original 
concentration c to 3c. 

Rinse the tube with this solution and then fill the tube (with 
the diluted solution). Note the corresponding rotation 02(=0;; — 8o) 
as before. This is for a concentration 3c. 

9. If you had enough mother solution, add a volume 2v of dis- 
tilled water to it to give it a concentration c. Measure the 
corresponding rotation 0 = (frrr — ĉo) as before 

10. Iftime permits, you may prepare a solution of concen- 


tration 4c and find 84. 
11. Plot the @ values against the corresponding concentrations. 


You should get a straight line passing tbrough the origin. This 
is the required calibration curve 
12. Now using the solution of unknown concentration c’, 
measure the corresponding rotation 0’. From the calibration curve 
findc’. (If the concentration of the mother solution is given 
numerically, use that value for c. ) 
Experimental results. 
Inner volume of the tube=({i) cm? ; (ii) +-cm®*, (iii) +--cm%,. 
Mean=---cm*. 
Length of the tube=+++cm 
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Vernier constant of the circular scale. 
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[ Record as in “Experimental result’s of Section 6-13. ] 


Room-temperature: (i) 


(ii) 


Before experiment=::-°C. 
After experiment=:--°C, 


i Position of 
Concentration $ Rotati 
of solution analyser of Biante 
3 jor eS Total polarization 
Main scale | vernier 
o G) | 
(Distilled water) tii) 
(iii) | (0) 
Mean +(0,) 
c , 
Mother soln. (ii a. <9 
(ii (9; 0. 
Mean (0 p =6,) 
E ) Ro 
ke ii) 3 EN 
i (Gii) -0 Cirmi 
Mean N i =6,) 
(i) ae 
Xe (ii) | (rrr e 
(iii) | =0,) 
Mean *-(Or77) | 
a L ST 
and so 
G (i) 
(Unknown (ii) 
concentration) (iii) i 
Mean | (0u) 


Calculation. A graph is drawn plotting rotations ( in the last 
column ) against the known concentrations ( in the first column ). 
This is the calibration curve. It isa straight line passing through 
the origin. 

The value c’ as obtained from this graph corresponding to the 
value 9’ of rotation gives the unknown value of concentration of 
the solution supplied. 

Result. The concentration of the solution of unknown value 


=% by volume. 
{ Note. Note that you will be given two solutions—(i) the 
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mother solution of known concentration (c), and (iù the other 
of unknown concentration which is to be determined from the 
graph. Don’t confuse the two. ] 

Method followed. ( A brief statement ) 

1. The length and internal volume of the polarimeter tube were 
measured. It was filled with distilled water and placed in position. 

2. The white source of light was placed along the axis of the 
tube. Rays from it were concentrated by a lens on entrance 
‘aperture of the analyser system, so as to give the field of view 
maximum light. 

3. Vernier constant of the circular scale was determined. 

4. Analyser was set to get the tint of passage. This position 
(00) marks the zero position for measuring rotations. 

5. The tube was next rinsed and filled with the mother solution. 
The two positions of the analyser for which the two halves of the 
field of view had the same colour were found. The analyser was then 
setin the position in which the angle of rotation of the analyser 
was smaller. This position 6;) was carefully read. The rotation 
6, for the mother solution ( of concentration c ) was 0, =91 — 80. 

6. The mother solution was diluted to concentrations $c, $c 
etc. by addition of the proper quantitity of distilled water. For 
each new concentration, the rotation was determined in the same 
‘way as for the mother solution. 

7. The rotation—concentration graph was drawn from the 
data obtained. It was a straight line passing through the origin. 

8.. The rotation 6’ corresponding to the given solution of 
unknown concentration was then measured. From the graphy 
‘the concentration c’ corresponding to it was determined. 

Precautions. (i) The tube was 1insed several times with the 
‘solution with which it was to be filled. 

(iù Care was taken to see that no air bubble remained inside 
tthe tube. 

(ui) The mother solution and the distilled water were left at 
the room-temperature long enough for them to acquire that 
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temperature. The room-temperature was read before and after the 
experiment. 

[ Remark. If the tubelenth of the polarimeter is about 20 cm 
and you use a 25% sucrose solution, the rotation will be about 33° 
in the clockwise direction. ] 


Oral questions. 

1, State the meanings of the terms, polorizer, analyser, optical activity and 
specific rotation. 

2. What is a nicol prism ? How is it constructed ? 
plane polarized beam ? What is meant by nicols bein 
tion of vibration of light in the transmitted beam ? 


3. Whatis a biquariz ? How does it act ? 


How does it give a 
8 crossed ? What is the dircc- 


With what kind of light source 
is it used ? Can it be used witha monochromatic source of light ? 


4. What are meant by right-handed and left-handed ri 
of polarisation. 

Is the rotation produced by sugar solution right-handed or left-handed 9 

5. Has your solvent any optical activity ? What would be i 

6. Bince rotation depends -on wavelength, 
you have determined 9 ? 
Answers. 

1, Bee See, 6-20, 

2. Consult your text-book for construction and action. 


otation of the plane 


the effect if it had some ? 
what is the wavelength for which 


The direction of vibration in the transmitted beam 
diagonal of the end section of a nicol. 

When one nicol is so set that it fully cuts out 
nicol, the two are said to be crossed, Their short 
to each other. 

8. See Sec. 6-20.1, The biquartz is specially designed for use with white 
light. Tt is unsuitable for use with monochromatic light, 

4, An optically actiye substance which rotai 
clockwise is called right-handed. One which rotates 
left-handed, 

In sugar (sucrose) solution, the rotation is ri 
duces left-handed rotation. 

5. Pure water is optically inactive. 


is parallel to the short 


the beam of light from another 
diagonals are than perpendicular 


tes the plane of polarization 
the plane anticlokwise ig called 


ght-handed, Inyert sugar pro- 


Tf the solvent Were optically active 
rotation due to it would be algebraically added to that of the solute, 


6. A biquartz balances the two halves of the field for the yellow-green regio? 


oi the spectrum, The Wavelength of this region may be taken approximately #* 
5600A. 


CHAPTER 7 
MAGNETISM 


7-1 Magnetometers 


Deflection magnetometer This instrument ( Fig. 7.1) has a 
small compass needle provided with a long aluminium pointer 
fixed symmetrically to it in its middle and at right angles to 
its length. The needle with the pointer is either pivoted or 
suspended by means of an unspun silk fiber at the centre of a 
circular scale graduated in degrees. The circular scale is divided 
into four quadrants and each of them reads from 0°—90° as shown 
in the figure. The needle with the pointer is enclosed within a 


Fig.7.1 


glass cover to protect it from draught. A circular strip of plane 
mirror is attached to the base of the scale which helps to take 
teadings of the pointer avoiding parallax. 

The enclosed needle is placed at the centre of a long rectangular 
* wooden base such that the 0°—0° line of the circular scale is exactly 
parallel to the two metre scales fixed on either side of the compass 
need!e along the length of the wooden base. The zero of both the 
metre scales lie on the 9)°—90° line of the compass needle. The 
metre scales are so fixed on the board that when a small magnet 
(as ordinarily used in the laboratory ) is placed alongside any one 
of them, the axis of the magnet practically passes through the axis 
of rotation of the compass needle. 

Vibration magnetometer. It consists of a magnet M placed 
on a light brass stirrup and is suspended by an unspun silk fibre 
from a torsion head H as shown in Fig. 7.2. The combination 
hangs within a box provided with glass walls. A mirror with a 
central line LL marked on it is placed on the floor of the box. 

15 


226 PRACTICAL PHYSICS 


There are two slits at the top cut parallel to LL. The line at the 
slits help in finding the time of transit of the magnet when it 
oscillates. In order to use the instrument, the magnet is removed 
from the stirrup and the box is rotated such that LL lies in the 
magnetic meridian. The 
torsion head H is next 
adjusted such that when 
the stirrup is in equi- 
librium, its horizontal 
axis (and hence also 
the axis of the magnet 
when it is placed on the 
stirrup) lies in the 
magetic meridian. 

When adjusting a 
deflection or a vibration 
magnetometer, all magnets 
and magnetic materials 
should be removed from 
the neighbourhood of the 

Fig. 7.2 instrument. 

“7-2 To determine the horizontal component of the earth’s 

magnetic field and magnetic moment of a bar magnet. 

Theory. When a bar magnet is brought near a magnetic 
needle so that the needle 


la] 
is in the end-on position of mH 
a Ro ( Fig. i CTER a |N a 
e ea agnetic fie Fe a ee 
t 7 s mag OF F a 
is at right angles to the | | 
axis of the bar mignzt, =H 
the deflection 0 of the Fig. 7.3 


magnetic needle from the magnetic meridian is given by 
M A da? = 12)? 
ca oa tan 0 (7-2.1) 
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where M is the magnetic moment of the bar magnet, H the 
horizontal component of the earth’s magnetic field, 2] the magnetic 
(length of the bar magnet and d the distance of the needle from the 
centre of the magnet. 

If the sa ne bar magnet is allowed to oscillate at the same place 
in a vibration magnetometer in the earth’s magnetic field with its 
[axis horizontal, then, neglectiing the effects of the moment of 
inertia of the stirrup and the torsional couple exerted by the 
suspension fibre ( which are small quantities ), the time period of 
oscillation T of the bar magnet is given by 


T=22/ I/MH (7-2.2) 


where I is the moment of inertia of the bar magnet about the 


axis of suspension. 

If the magnet is a rectangular one and the axis of susp2nsion 
is normal to the broad face of the magnet and-passes through its 
centre of gravity, then 


ra 3 
tom (7-2.3) 
where l',b' and m are the geometrical length, the breadth and the 
mass of the magnet respectively. 

G) To determine the horizontal component of the earth’s 
magnetic field (H) : 

From Eq.s 7-2.1 and 7-2.2, we have 


Hn AES ed 2d 7-2.4) 
MA N T” a- tanð : 
As all the quantities on the right hand side of this equation 
may be measured, H may be computed. 
(ii) To determine the magnetic moment of a bar magnet (M): 
From Eq. 7-2.2 we have 
MH=47*"I|T° (1-3.1) 
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Multiplying this equation by (7-2.1), we get 


; 
M_4nx°I, (d?—1*)? 
MH x AT * g an 8 
mated I"). /Ltan 0 (7-3.2) 
2d 


[ Unit. Since magnetic moment is defined as the mechanical 
moment of the couple required to hold the magnet at right 
angles to a magnetic field of unit strength, the unit in which, 
magnetic moment may be expressed is one dyne-cm per cersted. | 

List of apparatus. Deflection magnetometer ;  vibratiofl 
magnetometer ; bar magnet ; balance; weight box ; long magnetié 
needle to determine magetic meridian ; slide-callipers. 

Instructions. 1. Weigh the bar magnet and measure i 
geometrical length and breadth by means ofa slide callipe: 
Calculate its moment of inertia I from the equation 7-2.3 

2. Determine the magnetic length 2l, which is about 0°85 tim! 
the geometrical length. ( This factor is not a constant but depen 
on the ratio of the geometrical length to the breadth of the magne 
For small magnets of length about 6 or 7 cm and breadth about 1 
cm. as are ordinarily used in the laboratory, the value of the fac 
may be taken as 0°85. ) 

3.. Remove all magnets and magnetic materials from cht 
neighbourhood of the deflection magnetometer. 

Adjust its position so that the pointer reads 0°, 0°. Then fot i 
properly constructed magnetometer, the magnetic meridian Í$ | 
right angles to its length, that is the magnetometer scale poii 
magnetic east-and-west. 

4. Place the bar magnet alongside one of the metre scales» A 
east of the compass needle with its north pole facing the nee 
Adjust its position so that a fairly large deflection, about 45 
the needle is produced. 

Turn the magnet upside down in the same position and obet“ 
the deflections of the pointer. 


MAGNETISM 229 


Keeping the magnet at the same distance, reverse the pole 
‘facing the needle and observe deflections as before. Again turn it 
upside down and read the deflections. 

5. Determine d, the distance of the needle from the centre of 
the magnet. It is the mean of the readings of the ends of the bar 
magnet. 

6. Repeat observation 4 above placing the magnet west of the 
needle, but at the same distance as before. 

Find the mean deflection 9, the mean of the observed sixteen 
readings. 

7. Repeat your observations for other two deflections of the 
needle, one greater than 45° and other less than 45°. 

8. Use the long magnetic needle to mark the magnetic north- 
and-south direction on the working table. Adjust the position of 
the vibration magnetometer such that the line LL on its floor 


(Fig. 7.2) is in the magnetic meridian. 
Rotate the torsion head till the axis of the stirrup, when in 


equilibrium, is parallel to the line LL. 

9, Place the bar magnet on the stirrup with its north pole 
pointing north and allow it to oscillate with as small an ampli- 
tude as is convenient. Measure the time for 30 oscillations, at 
least three times, observing through a slit at the top the transists 
of the magnet across the LL. 

Hence find the mean time period and calculate H from 
Eq. 7-2.4. 


Experimental results : 


Mass of the bar magnet (m)=-++----+++--+++ (details of weights) 
Lair 5 

Length (I') and breadth (b') of the magnet (in cm) : 

1 Small seale div.=-"-mm 

P. D= S. D 
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Dimension 


0 


P C= umm cm: 
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zero error=---mm=---cm ( to be added/Subtracted ) 


TORE M. S. Vernier 
Ne: o reading | reading 
Eyi em, 


Value of 

vernier 

reading 
cm 


Total 
cm 


Mean 
cm 


Breadth ((b')| Length (l) 


nau 
(Sapa Sante 


21=0'85 /’= 


=e eg, Cn 7 


“cm 3 i 
Deflections : mo. | 
Se re 
Magnet east Magnet west 
No. 
SE Pole facing needle Pole facing needle Mea? 
obs. G 
N N 8 | 
=e ES ee 
End T[End IlEna I EndI|End 1 Tna End I |Bnd I1 
Face | | 
up | | 
| 
L — l a | ee 
Face | | | 
down | | 
2. eal) ny 
ete 


riodic time : 
Time for 30 oscillations : 


I 
iti dn e s ee 


ia, 
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(i)-ses 5 Geers; Gii Mean=:-s. 
Time period T=- S 
an 21d 
= Xa/ Se _ =. 
cee T(d* —1*) tan 0 oersted. 
(2) M= eae! ) y enia A a 


Method followed. 


1. The moment of inertia of the given bar magnet was 
calculated by measuring its mass, length and breadth. 

2. Magnetic length of the magnet was taken as 0'85 times the 
geometrical length. 

3. The deflection magnetometer was placed with its scale 
pointing magnetic east-and-west. The bar magnet was placed 
by the side of the scale at a distance of---cm from the magnetic 
needle, so as to produce a deflection of about 45°, 

4, Readings of both ends of the pointer were taken with 

(a) the magnet turned upside down, and (b) north and south 
poles interchanged. 

5, Readings as in (4) were then taken with the magnet placed 
at the same distance from the needle, but on the other side. 

6. The observations were repeated for other two deflctions 
of the needle. 

7. The vibration galyanometer was then set with its median 
line along the magnetic meridian, and the axis of the stirrup 
parallel to it. 

8. The bar magnet was placed on the stirrup and its periodic 
time determined for oscillations of small amplitude. 

9, From the data so secured, the result was calculated. 

Precautions. 

(i) The deflection should be large so that the error may be 
small. 45° is best; but d should not be too small. 
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(Gi) To minimise the effect of friction at the Pivot, lightly tap 
the magnetometer box before reading the deflection. 

(iii) There must be ne other magnet or magnetic material close 
to the magnetometers. 

Note. 1. To get a good result in this experiment, a strong bar 
magnet should be used. Then-both dand 6 may be kept large. 
This will reduce the error in H. Further, d being large, an error 
in evaluating the magnetic length J will not appreciably affect the 
final result. 

2. The suspension of the vibration Galvanometer must be 
torsionless. It should be of-unspun silk. Use of a wire of any kind 
will spoil the experiment. 


Oral questions 


1. What do you mean by ‘the horizontal intensit; 


y of the earth’s magnetic 
field ? Describe the nature of the carth’s field ? What is'meant by 
elements of the earth’s 


field’? Which of them gives the actual 
field 2 4 


2. Define the magnetic moment of a magnet, 


‘the magnetie 


direction of the 


What is magnetic longkh f Can 
you find it experimentally ? Will the ratio of the magnetic length to the geometrical 


length be the same for a long thin magnet and a short, broad magnet 7 
3. Will the presence of another magnet on your 
result ? Is there any harm if the magnetometers are pl 
4, What do you understand by ‘end- 
What are Gauss’ tangent A and tange 
these positions ? 


working table asffcet your 
aced at different places ? 
on position and broad-side-on position’ 2 


nt B positions 2 Why do you work in one of 


Answers. 1. See answer to Q. 1. of See. 7-f. ‘The earth's field is roughly 


like that produced by a very strong magnet placed in the centre of the earth, with 
its axis inclined at about 12° to the earth's north-south axis, The north polo of this 
imaginary magnet points towards the south. 

The ‘dip’ gives the actual direction ef the field. 

2. See after ‘Instructions’ in Sec. 7-3. 


Magnetic length of a magnet is the distance between its poles. Itean be found 


experimentally by locating the poles by tracing linos of force, Lines of force 


come out from the north pole and terminate on the south pole. Magnetic length 
depends on the size and shape of the magnet. 


The ratio of the two lengths will 
be bigger for longer magnets. 
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3. The field of the other magnet will modify Hand yitiate the result, Tf the 
places haye the same H, there will be no harm. 

4, When the needle of deflection magnetometer lies on the axis of tha detlec- 
ting magnet, the axial field of the ‘magnet being perpendicular to the earth’s 
horizontal field, the magnet is said to be in the ‘end on’ position, The magnet and 
the magnetometer are said to be in the ‘tangent A position of Gauss’. 


When the needle of a deflection galyanometer lies on the equatorial plans 


of the doflecting magnet, the equatorial field of the latter being perpendicular to 


the earth’s horizontal field the magnet is said to be in the ‘broad-side-on position’, 
Both the magnetometer and the magnet are said to be in the ‘tangent B position of 
Gauss’. 


For the tangent law to hold, the deflecting field and the restoring field seting ou 


a magnetic needle must be at right angles. 


7-3. Ballistic galvanometer and Earth inductor. 

G) Ballistic galvanometer. The total quantity of electri- 
city flowing in a circuit for an extremely short period of time may 
be measured bya ballistic galvanometer. The ballistic galva- 
nometer is a moving coil galvanometer whose moment of inertia 
of the movable system is large and whose electromagnetic 
damping of the swing of the coil is small. Since the period of 
the swing is longer than the time t which a charge Q takes to 
pass through the galvanometer, the effect of Q will be to give an 
impulse to the coil which starts swinging. Again, as the damping 
of the oscillation is small, the amplitude of swing 0 is proportional 
to Q, that is, Q=ko where k is the constant for the galvanometer. 
k depends on the current sensitivity, the time of vibration of the 
moving coil, the damping, and the manner in which the discharge 
is sent through the galvanometer. Thus kis only a constant for 
any instrument when it is used in one particular way. 

(ii) Earth inductor. The earth inductor (Fig. 7.4) is a coil 
of wire so mounted that it can quickly be given a rotation of 180° 
about an axis in its own plane. The rotation is controlled by 
suitable stops. The coil may be used with its plane vertical or 
horizontal as necessary. It can be used to measure the horizontal 
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and vertical components, H and V, of the earth’s magnetic field, 
and hence also the angle of dip. 

Suppose that the plane of the coil is vertical and perpendi- 
cular to the magnetic meridian, and that its rotation axis is also 
vertical. Let n be the 
number of turns in the 
coil and A the effective 
area of each turn. Then 
the magnetic flux 
through the coil is due 
to the horizontal com- 
ponent H of the earth’s 
field. It has the magni- 
tude nAH. If the coil 
is given half a turn, its 
direction relative to that 
of the flux is reversed. 
This is equivalent to 
removing the flux and 
sending it back through 
the coil in the reverse direction. Hence the change of flux through 
the coil dueto the half turnis 2nAH. If the coil is connected 
to a ballistic galvanometer, the half turn will send a charge 
Qi;=2nAH/R through the galvonometeter, where Ris the total 


resistance in the galvanometer circuit. Let this charge produce 
a maximum throw 6, inthe galyanometer. Then 2nAH/R=hoy, 


Fig. 7.4. Earth inductor 


If the plane of the coil is horizontal, the flux through the 
coil is due to the vertical component V only. For a half turn, the 
flux change will be 2nAV. If this flux change gives a maximum 
galvanometer throw of 0y, then 2nAV/R=k6y, assuming that the 
galvanometer is working under the same condition as before. 

If is the angle of dip, then 

san d= =v 

oq 
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7-4. To measure the angle of dip using an earth inductor 
and ballistic galvanometer. 

Theory. Letan earth inductor (Sec. 7-3) be placed perpendi- 

culer to the magnetic meridian with its plane vertical. It is 


connected in series with a ballistic galvanometer, the total 


resistance R in the circuit being enough to make the galvanometer 
oscillatory. Let an exact half turn of the coil about a vertical 


axis produce a maximum throw of 0; in the galvanometer. Oy is 


proportional to H, the horizontal component of the earth’s field. 
The coil is now set ina horizontal plane and given an exact 

half turn about a horizontal axis. Let the maximum galvanometer 

throw be øy, the total resistance in the galvanometer circuit 


remaining constant. 0y is proportional to V, the vertical compopent 


of the earth’s field. The factor of proportionality is the same if 


R remains constant. 

If ¢ is the angle o; dip, then 

=% 
tan $= R 

[ See the last section ( marked ‘Earth inductor’). ] 

List of apparatus. Earth inductor ; ballistic galvanometer ; 
a resistance box of relatively high value (say, up to 5000 ohms) ; 
a long magnetic needle ; connecting wires. 

Instructions, 1. Select a table near which there is no magnetic 
material nor strong electric current. 

2. Place the long magnetic needle on the table, and mark the 
magnetic north-south direction on the table with a piece of chalk, 
Draw a perpendicular line to this direction. Place the earth 
inductor on this line so that the plane of its coil is vertical and in 
the magnetically east and west direction with the rotation axis 
vertical. 

3. Connect the earth inductor, resistance box and the ballistic 
galvanometer in series. Put in the resistance box enough resis- 
tance to make de galvanometer oscillatory. (You may add a 
value about 5 times the resistance of the galvanometer. Some 
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manufacturers state what minimum external resistance will make 
the galvanometer oscillatory. This is stated as XCDR (External 
‘Critical Damping Resistance ). 


If this is known, add a resistance 
a little more than this. 


Don’t use a much greater resistance. This 
will make the galvanometer insensitive.) Adjust the resistance in 


the box to obtain a suitable deflection when the galvanometer is 
ballistic, that is, swinging freely. 

4. Turn the coil rapidly through 180° and note 0p. Repeat 
several times and so obtain a mean value for Oz. 

See that the position of the earth-inducior is not changed in any 
wav as you give it a half turn. 

5. Without altering the value of the resistance, set the plane 
of the coil horizontal, with its axis of rotation pointing magnetic 


east and west. Find an average value of êy as the inductor is 
turned through 180°. 


Experimental data 


Resistance in the box=:::ohms. 
Deflections + 


Obs. 5 6 Mean 
Goil vertical | x) 
Qoil horizontal (67) 


Result: tan $= — Ga 
on 


$=-++( state in degree and minutes ). 
Method followed: (A brief statement ) 
1. The magnetic north-and-south line was marked on a table, 


and so also the magnetic east-and-west. The inductor was placed 


magnetic east-and-west with the plane of its coil and the axis of 
rotation both vertical 
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2. The coil was connected through the resistance box to a 
ballistic galvanometer. Enough resistance was put in the box to 
make the galyanometer oscillatory. 

3, The coil was then given a half turn (180°) and the 
galvanometer throw noted. The resistance in the box was adjusted 
so that the throw was as largs as possible for the half turn, while 


the galvanometer remained oscillatory. 
4, Several throws of 0y were noted and the mean taken. 


5. The coil was then placed in a horizontal plane. Several 
throws were noted for 180° rotations : of the coil, and the mean 


taken. 
6. The angle of dip was calculated from the two mean values. 


Precautions. 1. The magnetic alignments must be correct. 
2. The coil must be given a half turn each time, and that 


quickly. The time taken in giving the half turn must be small 


compared with the periodic time of the galvanometer. 
3. The half turn is controlled by catches. In giving the half 


turn, the jerk must not disturb the position of the coil. 
4. The total resistance in the galvanometer circuit must 
remain the same during the experiment. The galvanometer must 


be oscillatory. 
5, Theie should be no magnetic material or strong electric 


current near the table. 


Oral questions. 1. Define angle of dip, and horizontal and vertical components 
of tho earth’s magnetic field. How are they related ? What is meant by the magnetic 


elements of the carth 2 
2. What is a ballistic galvanometer ? How does it differ from an ordinary 


Suspended coil galyanometer ? What does the former measure ? 
3. Why does a charge flow through circuit while there is no battery in it ? 
4. Other things remaining the same, how will the galvanometer throw change 
when 
(i) the number of turns in the coil is increased . 
Gi) area of the turns is increased i 
(iii) the coil is turned slowly ? 
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5. Is the dip angle the same eyerywhere on the carth ? When do we call it 
positive and when negative ? What are its values on the magnetic equator and the 
magnetic poles ? 

Answers. 1. The angle which the direction of the carth’s magnetic field makes 
with the horizontal in the plane of the magnetic meridian is called the angle of dip. 

The ho:izontal component of the carth’s magnetic ficld is the resolved part of the 
earth’s magnetic intensity ina horizontal direction in the magnetic meridian. 

The yertical component is the resolved part of the intensity in the vertical 
direction, 

The three quantities, such as magnetic declination, angle of dip and horizontal 
intensity, which define completely the earth’s magnetic field at any point, are called 
magnetic elements. 

9, See Sec. G-4(i). It measures the charge which flows through it for a duration 
short enough compared with the periodic time of its oscillation. 

8, The change of flux that t 


lasts solong as the flux is changing. This emf drives a short-duration current, 


place through the coil creates an emf. It 


hence charge, through the circuit, 

4, (i) Throw increases as the flux change increases with increase in number of 
turns of the coil. 

(ii) Throw increases as the flnx change increases with increase in area of the 
coil. 

(iii) Induced emf is proportional to rate of change of flux. If flux change occurs 
slowly induced emf will be less. Batif thetime period of the galvanometer is 
very large compared with the total time taken for the rotation of the coil, the throw 
will not be affected (as in a fluxmeter). 

5. No, When the north pole of a freely suspended magnet dips downwards, as 
in most part of the northern hemisphere, dip is called positive. When the south 
pole dips downwards it is called negative. 

At the magnetic equator, dip=0°(that is, a freely suspended magnet remains 
horizontal). Atthe magneiic north pole, dip= +90" that is the north pole of the 
magnet dips vertically downward), At the magnetic south pole, dip= —90°(that is 
the south pole of the magnet dips vertically downward). 
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81. Simple electrical accessories 


In performing an electrical ex 
cal accessories are required. 
are described below. 


A. Keys are simple devices fo; 


Periment various simple electri- 
some of those most commonly used 


r making or breaking a circuit. 
It has two brass blocks 
e blocks are mounted 
by a small air gap and a 


Fig. 8.1 represents a simple plug key. 
with binding screws attached to them. Th 
on an ebonite base, and are seperated 


Fig. 8.2 


Fig. 8.3 


Fig. 8.4 
conical hole. A brass plug with a ebonite top fits into this hole. 
When the plug is inserted, metallic connection is established 
between the terminals of the blocks, which are connected to the 
circuit. It acts as a switch ; but it should not be 
powered by supply mains, because the air gap is smal 
the circuit will start an arc across the gap. 


used in a circuit 
ll and breaking 
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Sometimes it is necessary to senda current when desired 
through one or two or more alternative paths. Two-way and 
four-way keys are used for the purpose. Their construction will 
be understood from Fig.s 8.2 and 8.3. 

A tapping key ( Fig. 8.4) closes a circuit only when its knob 
(K) is pressed. Its action will be understood from the figure. 

B. A Commutator is adevice for reversing the current 
through a circuit or a part thereof without changing the con- 
nections. There are various types of which those most commonly 
used are (i) the plug type commutator and (ii) Pohl’s commutator. 

(i) Plug type commutator. It consists of four blocks of brass. 

A (making up a square or a circle) 
mounted on an ebonite base and 
separated from one another by a 
smali air gap and a conical hole 
(Fig. 8.5). Binding screws are 
attached to each block. Adjacent 
blocks may be put into metallic 
contact by inserting a brass plug 
into the hole between them. 

The way in which a plug type commutator is connected to 
a circuit is illustrated in Figs 8.6. and 8.7. The source of emf 


Fig. 8.5 


Pees Fig. 8.7 


(Chere the battery ) is connected to a pair of diagonally opposite 
Segments (B1, Ba) of the commutator. The terminals of the line 
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in which the current is to be reversed are connected to the other 
pair ( La, Ls), Iftwo plugs are inserted in a pair of opposite 
holes as shown by the deep circles in Fig. 8.6, the current from 
the battery passes from Bı to Ly through the plug. After 
traversing the circuit as shown, it passes form La to B, through the 
other plug and returns to the battery. If the plugs are taken of and 
inserted in the other pair of opposite holes as in Fig. 8.7 it will be 
-seen that the current now flows through R in the reverse direction. 
While changing the plugs for reversal, take care to remove both 
plugs before re-inserting any one of them. Otherwise there is 
a risk of the battery being short-circuited. (Suppose in Fig. 8.7, 
the plug between B, and Lz is removed and reinserted between 
Bı and L, before the other plug has been removed. It will short- 
circuit the battery. ) 
Diagrammatically a plug type commutator is represented in 
the manner shown in Fig. 8.8. The 


5 A e; BATTERY 
circles represent the binding screws ; 
the holes are not indicated. LINE Tide 
p ? ——o bine 
(ii) Pohl’s commutator, It has an 
ebonite base provided with six small Q BATTER 
holes ( cups ) cotaining mercury, each Fig, 8.8 


cup being metallically connected to a 
binding screw (Fig. 8.9). An important part of the commutator 
is the ‘rocker’ which has a horizontal ebonite handle connecting 
two sets of metal legs, three on each side. The outer legs on 
either side are a little shorter than the middle legs. So when the 
rocker rests in the cups, only four of its legs touch the mercury. 
The mercury cups leading to the binding screws L, and l, are 
conected together by a short piece of copper wire or strip. So also 
are the cups leading to Ls and la. ‘These two connecting pieces 
are insulted from each other. t 

The screws B, and Bs are connected to the battery, while the 
ends of the line in which the current is to be reversed are connec- 
ted either to the pair of screws Lı, Ls or to the pair lı and /,. ` 


16 
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When the rocker rests on one side the current flows through the 


line in one direction. When the rocker is thrown over to the 
. other side the current 


throuzh the line is 
teversed. 
Diagsrammatically, a 
Pohl commutator is 
| represented as in 
$ Fig. 8.10 where the 
| circles represent the 
| mercury cups.’ 
The process of“ 


-Fig. 8.9 
| is reversal may be understcod by 
| 2 = reference to Figs. 8.11 and 8.12. 


When the rocker is thrown 

over to the side of Li, La 

ee RTT metallic connection is estab- 
lished between B, and L, and 
between Ba and L, When 


Fig. 8.10 e thrown over to the side of 14, la 
B, connects with |, and Ba with ],. 


(Due to the present high cost of mercury, and the reckless way | 


$ 


ó 


Fig. 8.11 
students spill it, it is doubtful 
commutator to work with. ) 


Fig. 8.12 
if you. will be given a Pch! | 
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C. Fixed-resistance coils. Coils of wire having fixed known 
resistances (in ohms) are largely used in electrical measurements. 
Two brass terminals (A, B, Fig. 8.13) are fixed ina plate of ebonite 

" or vulcanite. The ends of à piece of 

enamelled, silk-covered or double-silk- 

covered wire (W) having the necessary 

resistence are soldered to them. The 

wite is doubled on itself and wound 
‘on a wooden bobbin impregnated with 
- wax (or on ebonite or porcelain bobbins). 

This kind of winding reduces self-induc- 

tion to a minimum. Due to doubling, 
the current in adjacent portions of the wire flows in opposite 
directions: The magnetic field due to current in one half of the 
coil is thus practically neutralised by that in the other half. 

For small resistances the wire is short and thick 3 for large 
resistances it is long and thin. The completed coil is given a 
protective non-conducting coating of varnish or wax. 

Manganin (an alloy of about 84 Cu, 4 Ni and 12 Mn) is genera- 
lly used as the material of the wire. - 1t has a fairly high specific 
resistance (about 42 microohm cm) and an almost zero temperature 
coefficient of resistance. Hence the resistance of a coil made of this 
material remains practically constant at diferent temperatures, 

D. Standard resistance. 
value, very carefully 
constructed so as to 
represent the stated 
value as closely as pos- 
sible. The external ap- 
pearance and the inter- 
nal arrangement, are 
shown in Figs. 8.14 and 
8.15. The leads are two Fig. 8.14 


Fig 8.18 


These are resistance coils of fixed 


Fig. 8.15 
hookshap2d copper rods, whose resistance is negligibly small. 


They are hung from mercury cups when in use. Some types have 
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binding screws attached to the leads. For precision work @ 
thermometer is inserted into the coil. 

E. Resistance boxes. A resistance box consists of a number 
of fixed-resistance coils so- 
mounted in a box that any 
number of them can be used 
at a time in series. The coils 
are constructed in the way 
already mentioned under 
‘Fixéd-resistance coils’. The 
ends of a coil are soldered to Fig.8.16 
two brass pins connected to two brass blocks mounted on a sheet 
of ebonite or vulcanite. The blocks (M, Fig. 8.16) are separated 
from each other by.a small air gap anda conical hole in which 


_a conical brass plug. with an ebonite tap fits in. When a plug (P) 


is put ina gap (G), the coil connected across the gap is short- 
circuited by the plug. The whole of the current then passes from 
one block to the other through the plug, and practically nothing 
flows through the coil. The coil thus becomes inoperative. 
When the plug is taken out the current passes from one block 
to the other through the resistance coil. 
Fig, 8.17 shows a diagrammatic arrangement of the brass 
blocks and the holes separating them. A and Bare the terminals 
hs, es of the resistance box. 
[ es The number written down ° 
near a hole gives in ohms 
the resistance of the coil 
connecting the blocks on 
oo O KRAO two sides of the hole. For 
20 20 50 100 200 . the values in the figure, the 
Fig 8.17 resistance between A and 
B can be given any integral value between 1 ohm and 420 ohms. 
The boxes are made in various ranges. 


The resistances are 
generally multiples and submultiples of an ohm. 


= 
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When all plug: of a resistance box are secured tightly `in 
Position, the effective resistance of the box between its terminals 
is negligibly small. As soon as a plug is taken out, the resistance 
of the Corresponding coil is included- between the terminals of the 
box. The values for different coils add up in series. 

When using a resistance box all plugs other than those 
opened, must be secured fairly tight. If any plug is loose it 
introduces an extra resistance which cannot be taken into account. 

F. Dial pattern resistance box. In the dial pattern 
tesistance box ( Fig. 8.18 ), now frequently met with in the 
laboratory, a number of metal. studs are arranged at equal 
distances on an arc of a circle on the ebonite lid of. the box. 
Neighbouring studs are connected together in series by resistance 
coils of appropriate values placed within the box, The studs are 
marked 0, 1, 2, to 10 round the arc. In going from one stud to 
the next, the resistance increases by equal amounts, generally an 
ohms or a multiple or sub-multiple thereof. ( This value is 
imprinted on the lid.) The stud marked zero is connected to one 
of the terminals of the 
box. A rotating contact 
arm connected to the other 
terminal of thé box estab- 
lishes metallic contact 
(through. wires or strips 
of negligible resistance ) 
between this terminal 
and any of the studs. Thus 
when the contact arm is 
placed on stud 2, the 
resistance included between 
the terminals of the box Fig. 8.18 


. is 2 units of the value imprinted on the lid. 


The total value of the resistance between the stud marked zero 
and a given one is imprinted by the side of the given stud. > 
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A box may have several dials of this kind, marked (say). 
x1, X10, x100. The first dial is for values changing by one 
ohm ; the second, by 10 ohms and the third, by 100 ohms. To 
make up a resistance of 973 ohms, the contact arm of the first 
dial is set on stud 3, of the second on 7 and of the third on 9. 

G. Rheostats or variable resistances. A rheostat is a 
resistance whose value can be changed almost continuously ( not 
like resistance boxes where the change is discontinuous ). It may 
be of the sliding or the rotary type. ° 

A sliding rheostat ( Fig. 8.19) consists of a coil of bare 


(manganin or eureka ) wire wound ina thin, narrow groove, cut 
uniformly round a 


cylinder, generally of 
porcelain, The 
successive turns are 
insulated from each 
other. The ends of 
the coil are connec- 
ted to two termi- 
nals A and B. CD 
is a metal rod with Fig, 8.19 4 
a terminal at D. S is a sliding contact which moves along CD and 
-brings it into metallic connection with the coil at different places 
along the length of the coil, j 

If the rheostat is connected to a circuit by the terminals A and 
B, the whole of the resistance of the coil is included in the circuit, 


s and no variation of 

c D Tesistance can be made 
A B by moving, S. But if the 
connections are at A and 
D, the actual resistance 


included in the circuit 
depends on the position of S ( see Fig. 8.20). 


The effective portion of the coil is from A to the point of 


Fig. 8.20 


gS = — eee 
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contact of S onthe coil. By sliding S resistance can be changed 
-almost continuously: 

In a rotary rheostat the coil is wound on a circular non- ' 
conducting frame (Fig. 8.21). A revolving switch arm turned by 
a milled head makes contact, 
at different’ places of the” coil. 
Terminals are attached to the 
ends of the wire (or one end)’ 
and the switch arm. When a À 
circuit is connected to one'end 

Eig: 8.21 of the coil and the switch arm, 

variation of resistance can be introduced by turning the switch. 


A rheostat is represented diagrammatically as ia Fig. 8.228) 
or (b). 


at Ww 


Fig. 8.22(a Fig. 8.22(b) 


8-2. The moving rr galvanometer. 

Galvanometers belonging to this class have one feature in 
common ? in all of them the current to be detected or measured 
flows through a coil which can move in the magnetic field due to 
a permanent magnet. The way in which the coil is mounted 


i differs in different types. 


8-2.1. Suspended coil D’ Arsonval type galvanometer 

This type is very common and, it is frequently used in the 
laboratory. It consists of a rectangular coil (C, Fig. 8.23) of 
many turns of fine, insulated copper wire suspended by means of 
a fine strip (4) of phosphor-bronze. The upper end of the strip is 
soldered to a Gr head supported on a brass pillar. This pillar is 
connected by an insulated wire to one terminal of the galvanometer. 

One end of the wire making up the coil is soldered to the 
lower end of the strip, while the other end is attached to a fine 
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spiral of phosphor-bronze. The spiral is soldered to a brass piece 
projecting from the brass pillar, but insulated from the latter. This 


Fig, 8.23 


Fig, 8.24 
brass piece is connected to the other terminal of the galvanometer. 


The current thus passes through the suspension, coil and spiral. 

In the normal position the coil hangs freely in a cylindrical 
cavity between the concave pole pieces (N, S ; Fig. 8.24) of a 
permanent horse-shoe magnet. The axis of suspension of the coil 
is coaxial with this cylindrical cavity. A soft iron cylinder (I) is 
placed coaxially with the pole faces and is rigidly attached to the ` 
brass pillar previously mentioned. The coil lies outside this cylinder 
and can rotate freely in the annular air gap between it and the 
pole faces. 2 

The purpose of the cylindrical pole faces is to provide a radial 
field, ie, a field of which the lines of force in a transverse section 
are directed along the radii of a circle (see Fig. 8.25 which 
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represents a transverse horizontal section through I, NS and the 


Fig. 8,25 

field between them. 
In order to protect 
the coil from air curr- 


ents the instrument’ 


is enclosed in a cylin- 
drical brass cover with 
a glass window. 
Fig. 8.26 shows the 
instrument with the 
cover removed. A 
small plane or concave 
mirror (M) is attached 
near the top of the coil. 
A beam of light is 
reflected from this 
mirror and is received 
on a scale. The motion 
of the spot of light 
indicates the rotation 
of the coil. 

The instrument is 
supported on three 
levelling screws. They 
are so adjusted that the 
coil moves freely and 
symmetrically in the 


vertical limbs of the coil). The 
soft iron cylinder improves the 


` radial nature of the. field and, 


further, increaszs its strength. 
The smaller the air gap between 
the pole faces the stronger the 


Fig. 8.26 
annular air gap between I and NS without touching any one 
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of them. When necessary, the coil can be locked by a spring 
(having the shape of a tongue ) which lies between the coil and 


the top of I. The spring is operated by a milled head attached to 
the base of the instrument. 


8-2,2. Theory. Because of the radial nature of tbe field the 
lines of force are parallel to the plane of the coil for all positions 
of the coil. „The lines are also perpendicular to the vertical limbs 
of the coil. Further, at a given distance from axis of the cavity 
the intensity of the field has the same value. Hence when the coil 
is symmetrically placed, it moves in a field of constant intensity. 


When a current of i. e.m.u. passes through the coil, it experi- 
‘ences a torque nABi, where n is the number of turns of the coil, 
A is the area of each turn and B is the flux density of the field in 
whick the coil moves. This makes the coil rotate about its axis of 
suspension and causes the latter to twist. The twist of the 
suspension brings into play a restoring torque proportional to the 
twist so long as it is not very large. Equilibrium occurs for a 
twist @at which the restoring torque is equal to the deflecting 
torque. If C is the torque per unit twist of the suspension, the 
restoring torque is C0. Hence for equilibrium 


= us E f i 
nABi=Cé or ZAP 6=Ko (8-2.1) 


K is a constant for a given galvanometer and is called the constant of 
the galvanometer. 
Eq. 8-2.1 shows 
that for a given 
current 0 will be 
larger the smaller 
the value of C 
and the larger the 
values of m A 
and B. 


Fig. 8.27 
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8-2.3. Measurement of small rotation of the coil. To measure 
a small rotation @ where necessary we make use of.a lamp and scale 
arrangment. A beam of light is reflected from the mirror attached 
to the coil and forms a sharp image of a line (or a slit) on a scale 
placed at a distance. If the mirror turns by 0, the image is displaced 
by 26 (Fig. 8.27).° If d is the displacement of the the image and D 
the distance of the scale from the mirror then tan20=a/D. If is 
small we can take 20=d/D. When D=1 metre and d=10 cm, the 
error in taking 0=d)2D is about 0'2%, If & is 20 cm the error 
is 125%. 

8-2.4. Dead beat motion of a galyanometer coil. When a galva- 
nometer coil is deflected from its position of rest or from one of 
steady deflection, and is allowed to reach the final position. it may 
reach the final position after executing a few oscillations or gradua- 
lly approach the final possition without overshooting it. In the 
former case its motion is said to be oscillatory ; in the latter case 
the motion is dead beat (or aperiodic ). In most experiments 
we prefer a dead beat motion than an oscillatory one since it 
comes to rest more quickly. This is affected by winding the coil 
on a closed aluminium frame. As the coil rotates in the magnetic 
field, currents induced in the closed metal frame oppose the 
motion of the coil and soon bring it to a stop. But this does not 
change the final position of rest since the induced current ceases 
along with the motion of the coil. 


If the motion of a galvanometer coil is oscillatory, it can very 
often be rendered dead beat by short-circuiting the terminals of the 
galvanometer. A tapping key connected across the terminal will 
be found very useful for this purpose. If it is kept pressed, the 
coil, instead of oscillating, will gradually approach the position of 
rest. The approach to the final position will be quickest if the 
tapping key has in series with it a resistance known as the external 
critical damping resistance. Its value depends on the construction 
of the galvanometer and is generally supplied by the makers. 
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8-2.5. Adjustments and tests of a galvanometer before use. 
The following adjustments should be made before a galvano- 
meter is used : 


(i) The galvanometer coil should first of all be released from 
the clamp. 


(ii) It should be levelled by the levelling screws so that the 


coil moves freely in the annular air gap between the’ pole faces 


ching any one of them. 


The following tests should also be made: 
Send a small current (a few microa 
The spot of light on the scal 
smoothly without j 


mperes ) through the coil. 
e should move to the final position 
erk. Reverse the current. The spot should 


move to the same distance onthe other side of the zero. If the 


motion is jerky or unequal on two sides more careful levelling of 


the galvanometer is necessary, 


8-2.6. Sensitivity of a Galvanometer. When a weak current 
produces a large deflection in a galvanometer, it is said to be 
current sensitive. When a small voltage applied across its 
terminals produces a large deflection it is said to be volt-sensitive. 

The current sensitivity or the figure of merit of a galvano- 
meter is defined as the current required to produce a deflection 
of I mm on a scale at a distance of 1 metre from the galvanometer 
mirror. ‘The smaller this value the more -sensitive the 
galvanometer, 

Current sensitivity is increased (i) increasing the number of 
turns of the coil or (ii) using more delicate suspension. In the 
former case the resistance of the galvanometer coil increases. 


‘Galvanometers of high curzent-sensitivity generally haye a high 
tesistance. 
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. D’? Arsonval galvanometers ordinarily used in the laboratory 
have a figure of merit of the order of 107° amp per division and a 
resistance of the order of 10° ohms. 


The volt sensitivity of a galvanometer may be defined as the ` 
potential difference in volt to-be applied across the terminals of 
the galvanometer so as to produce a deflection of 1 mm ata scale 
distance of 1 metre. According to this defination we have 

` Volt-sensitivity (S»)=figure of merit X galyanometer resistance, 

A volt-sensitive galvanometer should therefore have a low resistance. 

To decide which of several galvanometers has the greatest 
current. sensitivity, we may connect them in series and senda 
current through them. The one which gives the largest deflection 
has the greatest current sensitivity. 

To test volt sensitivity, we may connect them in parallel and 
apply the some voltage to all. The one which shows the largest 
deflection has the greatest volt sensitivity. 


Example. The resistances of two galyanometers are respectively 1000 ohms. 
and 5 ohms. Their figures of merit are 1x10~° and 1x10-* amp. per division 
respectively. Which has the higher volt sensitivity 7 

Sv of the first=1Xx10~* x 1000 =10 microyolts per diy. 

Sy of the second=1X107° X5=5 microyolts per div. 

The second has double the volt-sensitivity of the first. 

Current-sensitivity is also measured by the amount of deflection in millimeters 
when a current of one microampere passes through the coil, the scale being at the 
standard distance of one metre. 

Similarly, volt-sensitivity is measured by the defletion in millimetres when a 
potential difference of one microvolt is applied across the terminals:of the eoni: 
meter, the scale being one metre away. 

These definitions provide values which are reciprocals of values obtained by the 
previous definitions, provided that the current and voltage are measured in micro 
units. ` 

Though both definitions are in use, they will cause no confusion if the value ig 
expressed in proper units. Thus the statements that the ‘sensitivity of galvanometer 
is 12 divisigns per microampere’ or ‘0°08 microampere per division’ are equally 
explicit. 

For most null point work we require a volt-sensitive galvanometer, 
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8-27. Protection of galvanometers + Galvanometer shunts. 

A galvanometer is a very delicate instrument and must be 
pretected against the flow of relatively large currents through it. 
A large current may burn the spiral, snap the suspension or 
damage the coil. The necessary protection may be given 

G) either by connecting a suitable low resistance in parallel 
as a shunt to the galvanometer, 

lii) or by connecting a suitable high resistance in series with 
the galvanometer. 

Shunt. A low-resistance box containing fractions of an ohm 
may be used as a shunt. A simple plug key should be connected 
in series with the box and the combination connected across the 
galvanometer terminals. Fig. 8.28 shows the connections. R. B. 

N is the low resistance box, K . 
& the key and G the galvano- 
meter. f 

When the key is open, the 
entire current passes through 
the galvanometer. The shunt is 
then inoperative. 

When all the plugs of the 
: resistance box are in position 

Fig, 8.28 and so also the plug of the key, 
the shunt has a negligibly small resistance. Practically the whole of 
the current then passes through the shunt and none through the 
galvanometer. 


To have a s. table shunt, a suitable resistance should be 
opened in the box while the plug of the key is in position. To 
cut out the shunt, remove the plug of the key. 

If your galvanometer is too sensitive use a lower resistance 
asshunt. If it is not enough sensitive increase the resistance of 
the shunt. 

Series resistance, A resistance box having values up to 
5,000 or 10,000 ohms may be used with profit in series with the 
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galvanameter to afford it the necessary protection. This will 
teduce the sensitivity of the galvanometer. When higher sensi- 
tivity is required this resistance may be cut out by irserting the 
plugs. 


8-2.8 Portable moving coil galvanometers. These moving 
coil galyanometers are similar in construction to the suspended 
coil galvanometer, already - described, but differ from the latter 
„in the mode of mounting of the coil. They are less sensitive than 
suspended coil galvanometers and are used when high sensitivity is 
not necessary. 


The coil is supported on two jewelled pivots ( Fig. 8.29 ) 
by means of two short metal spindles attached symmetrically — 
to. the coil. The ends of the coil are soldered to the spindles. 

The controlling couple is exerted by two hair springs of phosphor- 
bronze ends of the springs are soldered to the wound in opposite 
directions. The inner spindles and the 
outer ends are attached to two insula- 
ted terminals fixed to the body of the 
instrument. These in their turn are 
connected to the terminals of the 
galvanometer. 


Since the springs are wound in 
opposite directions, the changes which 
they suffer due to variation of tempera- d Fig. 8.29 
ture act on the coil in opposite directions and produce no effect on 
the position of the coil. For this reason there will be no shift of 
‘zero due to change of temperature. The springs not only exert the 
controlling couple but also serve as leads for conveying the current 
to and from the coil. 

A long aluminum pointer is attached to the upper spindle and 
moves over a graduated circular scale. The graduations are 
arbitrary. The zero of the scale is at the middle. In the normal 
position of the coil the pointer stands at zero. 
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At the other end the pointer extends a little beyond the spindle 
and has a forked end. The forks carry two adjustable weights by 
which the centre of gravity of the moving system may be brought- 
on the axis of rotation. In such a case gravity plays no part in 
determining the position of the coil. The instrument may theretore 
be placed on the table in any Position, without the position of the 
coil changing in any way due to gravity. 

These galvanometers are very compact in size and require no 
initial adjustments. Their Sensitivity yaries from 10-5 to 10-6 

` ampere per division of the scale. 


83. The moving coil ammeter 


Anammeter is a commercial instrument for measuring an 
electric current directly in amperes. The . moving coil ammeter 
isa moving coil galvanometer of the pivoted type except that it 
has a low-resistance shunt connected: across the terminals of the 
coil. The scale is calibrated in ampere 


S, and is an essential part 
of the instrument. 


The coil (C, Fig. 8.30) is Tectangular and made of fine 
insulated copper wire. It 
is wound on a light frame 
and mounted in jewelled 
bearings between the poles 
(N,S) of a strong, per- 
f manent horse-shoe magnet 
(M). The pole faces are 
cylindrical, the air gap 
between them being reduced 
by a soft iron cylinder (I) 
coaxial with the pole faces. 
The coil moves in the 


narrow annular air gap 
between I and NS. The current is led into and out of the coil by 


two fine spiral springs, orie (S1) above the coil and the other ( not 


aera? 


Fig. 8.30 
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shown in the diagram ) below it. The springs are wound in 
opposite directions and supply the opposing torque. They are 
connected to the terminals A and B of the instrument. A and B 
are also connected to the ends of a low-resistance shunt which is 
in the form of a metal strip. 

A long needle (P) attached to the coil moves over a properly 
graduated scale and gives the value of the current in amperes. 
The deflection of the needle is proportional to the current. The 
scale is an essential part of the instrument. 

The action of the springs on the position of the coil and the 
method of neutralising the effect of gravity on the latter are the 
same as in the portable moving coil galvanometer of the pivoted 
type (see Sec. 8-2.8) 

The shunt carries the greater part of the current and reduces 
the effective resistance of the instrument. That the resistance 
of the instrument should be low is a necessity, as otherwise its 
insertion in the circuit would alter the value of the ` current 
which it is required to measure. If G is the resistance of the 
coil and S that of the shunt a fraction S/(G+S) of the total 
current passes through the coil. 

By altering the value of the shunt the range of the instrument 
may be extended. Different shunts may be Provided for the 
Purpose with the same galvanometer, The same purpose may be 
served by connecting extra terminals to different points of a single: 
shunt connected across 
the terminals of the coil. 
Compact multirange amme- 
ters are of this type. 

To measure a current 


AMMETER 


in a circuit by an amme- 


ter, the latter must be ENN 
connected in series, For z 
this purpose the circuit may Fig. 8.31 


be opened anywhere and the positive terminal of the ammeter connected 
17 
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to the positive side of the line. Within the ammeter the current 
must flow from the terming! marked + to the terminal marked—. 
( The latter may also be unmarked.) A wrong connection may 
damage the needle. Fig. 8.31 shows a way in which an ammeter 
may be connected to measure the current flowing through the 
bulb B. It may be on either side of B. 

84. The moving coil voltmeter. 

Direct current voltmeters ordinarily used in the laboratory 
are of the moving coil type. Their construction is exactly similar 
to that of an ammeter; the only difference is that while the 
ammeter has a low resistance in parallel with the coil, the voltmeter 
has a high resistance in series with the coil (Fig. 8.32). This high 
resistance is incorporated within the instrument. č 

When a voltmeter is connected across points differing in 
potential by V, a small current I=V/R passes through the coil. 
R is the resistance of the entire instrument and should have a large 
value. Otherwise its insertion may alter the very potential 
difference which it is required to measure. 

The current causes a deflection of the coil and hence of 
the pointer on the scale. Since R is fixed for a given instrument, 
the deflection of the pointer can 
be ca'ibrated directly in volts. 

A voltmeter always records 
the potential difference between 
its own terminals. To measure 
the potential difference between 

«two points of a circuit, it is 
connected in parallel across 
the points. Fig. 831 shows 
how a voltmeter shoull be 
connected to read tne terminal p. d. of the bulb B. The positive 
terminal of the voltmeter must be connected to the positive side of 


the line. As in the ammeter, the current through the voltmeter 
must pass {rom th- terminal marked-+to the other. 


Fig, 8.32 
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By using different values of the series resistance the range of 
a valtmeter may be extended. The compact multi-range volt- 
meter has a single high resistance to which terminals are attached 
at different points. 

By using different values of the series resistance the range of 
voltmeter may be extended. The compact multi-range voltmeter 
has a single high resistance to which terminals are attached at 
different points. 

The higher the resistance of a voltmeter per volt of its range the 
More correct is its reading. Good instruments have a resistance 
of 1,000 to 2,000 ohms (or even more, up to 20,000 ohms) per volt. 

Test yourself 
( On galvanometers, ammeters and voltmeters ) 

(i) Describe the construction of a moving coil galvanometer. (ii) What part 
does the soft iron cylinder play ? Does it move with the coil > (iii) Why are the 
pole faces cylindrical? Is a magnet essential for the galvanometer ? What is it 
made of ? (iv) What are the suspension and the spiral made of ? Will it do if the 
suspension be of silk or quartz ? (v) Why is the suspension made of a thin strip and 
not a cylindrical wire ? How does the sensitivity depend on the Suspension ? (v) 
Why can’t you allow a large current to pass through a galvanometer ? What 
precaution would you take for it? Whatis a dead-beat galvanometer ? How can 
you check the oscillations of the coil 7 Explain how the device that you suggest 
checks the motion. (viii) State what is common to galvanometers, ammeters and 
voltmeters. How do they differ? (ix) Why should the resistance of an ammeter 
bo low and that of a voltmeter high? Haye you any idea of the order of magnitude 
of the values ? 


(Tt you are not sure of the answer, consult the earlier portions, ) 
8-5, Primary and secondary cells 

A primary cell is a device by which the energy made available 
by chemical reactions may be converted into electrical energy. 
The Daniell cell, the Leclanche cell, the Standard Cadmium cell, 
etc. are examples. The total amount of electrical energy or 
charge available from any of these cells depends on the total 
amount of the reacting materials. When any of the reacting 
materials is exhausted, the cell ceases to function. To restore an 
exhausted primary cell to life, fresh material has to be introduced. 
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A secondary cell, storage cell, or accumulator is a device from 
whica an electric current may be drawn for a certain time as 
from a primary cell; but, unlike the primary cell, when. the 
accumulator is exhausted it may be restored by sending an electric 
current. through it in a direction opposite to that in which the 
cell itself drives the current. At discharge, the energy conversion 


was from chemical to electrical. At. charging, electrical energy 
is stored as chemical energy in the cell. 


8-6. Accumulators 


Accumlators can give steadier and stronger currents. There 
are two principal types used in the laboratory,—(i) the lead 


accumulator (or lead-acid cell) and (ii) the nickel-iron-alkali cells 
also called the Edison cell. 


8-6.1 Lead accumulator. In a commercial cell which has been 
charged and is ready to deliver a current, the negative electrode: 
consists of a plate having a grilled structure, filled with spongy 
lead. The positive electrode, having a similar sttucture, is filled 
with packets of porous lead peroxide 
(PbOs).. The plates are immersed. in 
an electrolyte of dilute HsSO, ( about 
20%) contained in a glass vessel 
( Fig. 8.33 ). 

The capacity of a cell is increased 
by increasing the working surface of 
the plates. Thus the greater the 
number of plates in a cell and the 
larger their surface, the greater wil be 
DIL. HySO4 (207) the capacity and the current output. 


Fig 8.33 In cells of larger capacity there 
are several plates of each kind. The positive and negative plates are 


arranged alternately, each group being ‘connected at the top to a 


SPONGY LEAD + 
LEAD PEROXIDE 
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lead bar. Neighbouring plates are separated by glass or wooden 
separators. 

The negative group 
contains one plate more 
than the positive group 
(Fig. 8.34) except ina two- 
plate cell. 

Since the plates are 
close together and have NLNINININININ ~ 


NEGATIVE = 


large areas, the internal POSITIVE + 
resistance of the cell is Fig. 8.34 
very small. 


EMF. The emf of a single cell, large or small, is almost 
exactly 2 volts. During discharge the voltage diminishes very 
slowly at first, but more rapidly later when the cell is nearing 
exhaustion (Fig. 8.35). If the emf falls below 1'9 volts, the dis- 
change should be stopped and the cell recharged. Otherwise, it 
may undergo a permanent damage ; this is due to the lead and 
lead peroxide being permanently converted into white lead 
«sulphate. It reduces the capacity of the cell. The voltage of 
a cell should be tested in closed circuit after it has been driving 

26 current for a few 


24 alee: =| teat minutes. In open 

pa Pe et ata circuit even a fairly 

Hamm Mal Cees 
CS siah puhe, 

HALEN Sa Capacity. The 

x capacity of an accu- 

HOURS © Ei nr mulator is expressed 

Fig. 8.35 in ampere hours. 

ee is the product of the current (in amperes ) which the cell can 

deliver and the time (in hours ) for which. the current may be 

drawn. Ifthe capacity of a cell is given as 60 amperehours, it 

can give a current of 1 amp for 60 hrs, or 2 amps for 30 hrs and 
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soon. But there is a limit to the maximum current which should 
be drawn from a cell. The maximum discharge rate is specified 
by the makers and should never be exceeded. The effective 
capacity at higher rates of discharge is smaller than that at lower 
rates. 


When a too heavy current passses through a lead accumulator, intense 
chemical action and heat are produced. This results in unequal expansion of the 
mine formation of hard lead sulphate, loosening of the active material and 
buckling of the plates. The last one may produce internal short-circuit and 
eventually spoil the cell. For these reasons, the lead accumulator should never be 
short-circuited outside nor a current drawn from it in excess of the mamimum 
discharge rate (specified by the makers). The maximum discharge rate of an old cell 
is smaller than that of a new one. 

Besides the voliage, the specific gravity of the H450, solution is also affected 
during discharge. “For a fully charged cell the specific gravity is abont 1'24. The 
exact value depends on the make. When half discharged the value falls to about 
117 and near full discharge to about 1'11. To be on the safe side the cell should 
be recharged when the specific gravity fall to 1°15. 

When fully charged the emf is a little 
During discharge the value quickly falls 
that value for a pretty long time and g 
required, neither a freshly 


over 2 volts—frequently 2'2 volts. 
to 2 volts, remains practically constant at 
radually falls. So, when a steady emf is 
charged lead cell nor one near exhaustion should be used. y 


The chemical changes during charge and discharge may be 
represented symbolically as follows : 


charge 
2PbSO.+2H,.0 = PbO. +Pb+2H,SO, 

discharge 
During discharge quadrivalent lead in PbO, is reduced to 
bivalent lead of lead sulphate at the anode. At the cathode the 
lead atom is oxidised to bivalent lead of lead sulphate, The 
sulphion combines at both electrodes to Produce lead sulphate. 

Hence the specific gravity of the acid falls with discharge. s 


; During charge the PbSOz at the two electrodes is converted 
into Pb and PbO,. This sulphate is different from the permanent 
or hard sulphate which form 


s when the cell is damaged. 
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In the charged cell positive plate appears dark brown or chocolate in colour 
( due to the peroxide ), while the negative plate is grey—a pale grey. When dis- 
charged the positive plate is pale chocolate and the negative dark grey in colour. 

How to choose your cell. The lead accumulators in a 
laboratory are often found in different conditions of charge and 
fitness for service. To choose the best one for your work 
remember the following : 

(i) Avoid cells which have much sediment at the bottom, 
whose plates have peeled off, are buckled or have white deposits 
on them. Also avoid freshly charged cells. 

(ii) Prefer a cell who:e positive plate has a dark brown or 
chocolate colour and the negative, pale grey. 

(iii) Test the voltage in closed circuit. The value should be 
close upon 2 volts but not appreciably higher, and also not lower 
than 1'9 volts. 

(iv) When a current of L ampere or more is to be drawn, 
choose a large cell. Keep well below the maximum discharge rate. 
A small cell may be used for driving she current ina potentiometer 
circuit. 


Test yourself 

(i) What is a storage cell? Does it store electricity ? How does it diffex 
from a primary cell ? (ii) Describe the structure of a lead accumulator. What are 
the materials consisting the anode, cathode and the electrolyte ? (iii) What do 
you understand by the capacity of acell? Define ampere-hour. Explain its 
meanig. (iv) What is the emf of a lead accumulator ? Is it the same for large and 
small cells? In what characteristic does ® large cell differ from a small one ? 
(v) What changes go on within the cell at discharge and at charge ? Can you say 
how the cell gives rise to an electric current ? 


( For answers. consult sections 8-5 and 8-6.) 


How to charge a battery of accumulators. To charge a 
number of accumulators they are first connected together in 
series. The poles of the battery are then connected to similar 
poles of the mains or the charging dynamo through an ammeter 
and a rheostat (Fig. 8.36). The rheostat must be capable of bearing 
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the chargirg current without much heating. A lamp board may 
be used instead (Fig. 8.37). The rheostat or the number of lamps 


+ 9MAINSo= +9 MAINSo— 
J: J: i i 
SGD 


LAMPS 
WI--~---]] ii— ---ji 
t eel = t ESN > 
Fig. 8.36 Fig. 8.87 


is then adjusted so that the necessary charging current . (specified 
by the makers ) Passes through the cells, 


Completion of charge may be judged from the following B 


(1) The specific gravity Qf the acid rises to the value specified 
by the makers (about 1'24). 


(2) The plates gas freely. This is due to electrolysis of water 
which follows when all the lead sulphate has been converted. 


It may be worth while to consider the following numerical problem in this 
connection, Suppose 8 cells, each of emf 1'9 volts and resistance 0'03 ohm, are to 


8X1'9=15-2 volts, which Opposes the p.d. of the mains. The balance, 2290—15'2 
=204'8 volts, is available for driving current through 8x 003+0-1=0'34 ohm. The 
current would then be 204°8/0'34 =602 amperes nearly, Before this value is reached 
the fuse in the circuit will blow ont, 


To keep the current through the cells to 4 amperes, 


an additional resistance is 
included in the circ 


nit. Its value R may be easily calculated : 
220~15-9 
Gm Rares, Whence R=51 ohms nearly, 
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86.2. The nickel-iron-alkali cell or Edison cell 

In this accumulator, invented by Thomas Alva Edison, the 
electrolyte is a 21% solution of 
KOH in distilled water and con- 
tain a little LiOH. Hence the 
name ‘alkali cell’. \When charged, 
the positive plate is formed of 
some higher oxides and hydr- 
oxides of nickel contained in a 2 
Perforated —nickel-steel frame: 
The negative electrode consists 
of a mixture of finely divided Fe 
and FeO contained in a similar 
frame ( Fig. 8.38 ). During dis- 
charge, the‘nickel is reduced to a 
lower oxide while iron is oxidised to FeO, both oxides being 
hydrated. The actual chemical changes during charge or discharge 
are not completely understood. 

The suggested chemical reaction within the cell may be 


a 


POWDERED Fe 
NICKELIC OXIDE (Ni203) 


Va ! 


KOH SOLUTION2Y/) 


Fig. 8.38 


represented as follows : 


discharge won 
Fe+2Ni(OH); = Fe(OH).+2Ni(OH). 
charge 


Unlike the lead accumulator; the electrolyte in the alkali cell 
undergoes no change during charge or discharge. 

During discharge the emf falls off from an initial value of 
14 volts) the mean value being 12. When the emf reaches 1'1 
volts, no discharge should be taken from it. The charging voltage 
is higher and is a little over 1'6 on the average (Fig. 8.29). 

The alkali cell is lighter than the lead cell and has a larger 
capacity per unit weight. It has several advantages over the other : 
the alkali cell is fairly indfferent to violent mechanical treatment, 
to overcharging and to discharging above the normal rate, It is 
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not spoilt by accidental reverse charging and does not deteriorate 
on standing or after long use. 


Fig. 8.39 

In recent modifications of the cell, zinc and cadmium have been: 
used in place of iron. The efficiency is higher in them, 

8-7. The standard cell The standard cell is a primary 
cell and is used for providing a standard for measuring differences: 
of potential. It should not be used as a source of current and 
should not be permitted to deliver a-current of, say more than 
10-74 ampere. To make sure of it a resistance of the order of 


10° ohms is connected in series with the cell and incorporated in 
the base of the cover enclosing the cell. 


There are two types of standard 
cells, one due to Clark and the other 
due to Weston, the latter being more 
commonly used. In the Weston standard. 
cell (also clled the cadmium standard 
cell or the Weston cadmium cell ) the 
electrodes are placed in the opposite 
sides of an H-shaped glass vessel (Fig. 
8.40) which serves as the container for 
the electrolyte. The positive electrode 
(M) is of pure mercury, on the top of which lies a layer (C. M. S.} 
of mercurous sulphate in the form of a paste. It serves as the 
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the depolariser. The negative electrode (C. A.) is an amalgam 
of mercury and cadmium (90Hg+10Cd). The electrolyte is a 
solution of cadmium sulphate which is kept saturated by crystals 
of cadmium sulphate (C. S. ) in both limbs. The constituents are 
held in place by inert packing and porous porcelain retainers. 
Connections to the electrodes are made by platinum wires sealed 
through glass. The container is hermetically sealed and is enclosed 
in a light-tight cover (the cell is sensitive to light). Its emf 
is 101830 volts at 20°C and varies with temperature according to 
the relation 
E:=1°01830 — 0'0000406(¢— 20) volts. 

[ Note that the volt is defined by international agreement as 
1/1'0183 fraction of the emf of a Weston cell at 20°C. J] 

The arrangement in the Weston cell may be represented as 

Hg | Hg.SO.++-CdSO, | Cd 
In the Clark cell the arrangement is 
Hg | Hg,SO.:*-ZnSO, | Zn 

Its emf is 1'433 volts at 15°C, and the variation of emf with 

temperature is given by 
E=1'433 — 0 0012(t—15) volts. 


CHAPTER 9 ELECTRICAL MEASUREMENTS 


9-1. General instructions for electrical experiments 

1. All electrical contacts must be clean and tight. To ensure 
it, clean with sand-paper the ends of each piece of wire to be 
used in making the connections. After screwing down the head 
of a terminal gently pull at the wire and see that it does. not 
come out. 

2. Let your working table wear a neat look. _ Where possible, 
thin connecting wires should be wound into a spiral on your pencil 
and then used. This Sives the arrangement a pleasant look, 
ensures better insulation, avoids short circuiting between two 
Pieces of connecting wire and enables the circuit to be easily traced. 

3. Galvanometers must always be protected against damage 
by accidental heavy currents, This is best done by putting a high 
resistance in series with the galvanometer. 

For galvanometers of figure of merit 107° amp/div use 5000 
ohms or higher. Fora lower figure of marit, 
unipivot galvanometer, 
or less. 


as-in the case of a 
the series resistance may be 500 ohms 
Such a series resistance, of course, reduces the sensitivity of 
the galvanometer. When full sensitivity is required the series 
resistance has to be cut out, 


which is most conveniently done by 
plugging in the resistance, 


4. Storage cells must not be short-circuited, nor should 
currents be drawn from them which are in excess of the maximum 
discharge rate of the cell In case a large current is required, a 
Storage cell of large capacity must be used. Alkali cells stand 
tough handling better than lead storage cells. 


When the emf of a lead accumulator falls below 1°9V in 
closed circuit, 5 


it is better not to use it. For an alkali cell this value 
is 11 V. 
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To check’ whether a secondary cell has sufficient charge its 
. voltage should be measured in closed circuit. 

5. Do not keep currents flowing when not required. 

6. Disconnect the cells and put out the galvanometer lamp 
when your work is over. 

7. While using a resistance box or P. O. box make sure that 
all plugs in position are tight. Loose plugs and loose connections 
are the cause of much misery. 

8. In all metre bridge and P.O. box work it is advisable to 
have a rheostat of at least 100 ohms in series with the cell if it is 
an accumulator. This affords fair protection to the apparatus used. 
If the resistance makes your arrangement insensitive, gradually 
teduce the resistance until the required sensitivity is reached. 

9. Sometimes the null point changes by a relatively large 
amount when the -current through the circuit is reversed. This 
is due to the presence of a thermo-emf in the circuit which acts 
in one direction. When it occurs, close the. galyanometer circuit 
but keep the battery circuit open. You will find that the spot 
of light on the scale moves toa new position. Take this new 
position as the zero position of the galvanometer when looking 
for a null point ( direct or reverse ). 

This new zero is liable to change and requires periodic 
checking. 

9-2. To determine the figure of merit 
of a galvanometer 


Theory. The figure of merit of a galvanometer is defined 
as the current in amperes which produces a deflection of one 
millimetre on ascale placed normal to the beam ata distance of 
one metre from the galyanometer mirror. 

In the arrangement as shown in Fig. 9.1, if the Circuit be 
closed, the current I, flowing through the galvanometer is 

pa S E re ES 
S+G pnp. SG RSFG)+SG 
S+G 


given by 
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where R, S and Gare the series, shunt and the galvanometer 
resistances respectively and E, the emf of the cell. 

If this current Ig flowing through 
the galvanometer produces a deflection 
of d millimetres on a scale placed 
normal to the beam at a distance of 
D centimetres, then the deflection 
N millimetres which would have been 
produced if the scale were placed at a 
distance of one metre from the mirror, 

Fig. 9.1. is given™by 
N=100d/D 

The figure of merit F of the galvanometer, by definition, is 

then a by 


D ES JD). ES 
DARO ROFGFSG 100d RS+G) C2) 


since SG is very small compared to R(S+G). 


Thus knowing R, S, & and E and measuring dand D, the 
figure of merit F of the galvanometer may be determined. 

List of apparatus. (1) Experimental galvanometer (G) (Fig 
9.1) ; (2) Resistance box (S) of 1 to 40 ohms to be used as shunt ; 
(3) High resistance box (R) containing 10,000 ohms or more; 
(4) commutator ; (5) cell and (6) some connecting wires. 

Instructions. 1. Connect as shown in Fig. 9.1. Insert a high 
resistance of the order of 10,000 ohms ( if the galvanometer be very 
sensitive ) or less from the resistance box (R). 

2. With all the plugs closed in the shunt box, ie: with zero 
shunt resistance close the circuit by plugging in the commutator 
plugs. As all the current flows through the shunt, there will be 
no deflection of the galvanometer. If there is a deflection tighten 
all the plugs of the shunt box until the deflection reduces to zero. 

3. Next, beginning from the lowest, go on increasing the shunt 
resistance until a deflection of 8 to 12 centimetres is produced 
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on the scale. Record the deflection for both direct and reversed 


currents. 
(If you are given a table salvanometer, use current to deflect 


the needle by, say, 10-15 scale divisions. In this case, the figure of 
merit is the current required to produce a deflection of 1 division of 
the scale. ) 

4. Repeat the experiment using at least three different values 
of series resistance and for each series resistance observe deflec- 
tions for at least two different shunt resistances. ; 

5. Measure the scale-to-mirror distance D. 


Experimental results : 


Resistance of the given galvanometer (G)=---ohms 
Emf of the given cell=-++--+volts. 
Distance of the galvanometer mirror from the scale (D)=- “om 


Deflection d in 
f, mm at D cm 
No. of _ Serios Shunt from the mirror Mean Nin gl 
obs. resis- resis- _@ mm 
tance R | tance S in mm 
in ohm | in ohm in am- 
Direct | }Reversed plaiv 
1, 
2 
2 
rY 
4° 
5. 
6. f 
Mean F= ++++ssamp/diy. 


.. The figure of merit of the given galvanometer=-++++samp/diy. 
‘Precautions. i 

(i) With the circuit closed, the series resistace R should never 
‘be made zero as this will damage the galvanometer. 
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(ii) The scale should be placed such that it is normal to the: 
beam when no current is sent through the galvonometer. 

Method followed. (A brief statement) 

1. The circuit was built as shown in the circuit diagram. A 
high resistance was put in series with the cell. 

2. The shunt resistance was reduced to zero. The battery 
circuit was closed to check that there was no deflection of the 
galvanometer. 

3. The shunt resistance was gradually increased from the 
lowest value until a deflection of about 10 cm was produced on a 
scale about 1m from the galvanometer. Deflections for both 
direct and reverse currents were noted. 

4. The current was slightly altered, and each time the 
deflections on reversal noted. 

5. The distance of the scale from the galvanometer mirror 
was measured. 

6. The result was calculated from the data obtained. 

[ For table galvanometers, modify the table and this statement 


_properly.] 


Note. A D’Arsonval galvanometer has a figure of merit of 


the order of 1077 A/div. Table galvanometers may have values 
of about 2—10 HA/div. 


Oral questions 


1. What is figure of merit of a galyanometer ? ae 


2. On what factors does it depend ? Will it change if the number of turns of 
the galvanometer coil or the cross-section or the wire used in it be altered? If 80, 
how ? 
` 8. Of two galvanometers, one has a larger figure of merit than the other. 
Which is the more sensitive 2 

£. What is the purpose of the shunt in this experiment 7 

5. Why should R be large ? 

6. Why do you reverse the current t 

Answers, iy 


See ‘Theory’ and the matter in brackets under item 8 of 
“Instructions’, 
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2, It depends on the strength of the magnetic field, the area of a turn and the 
number of turns, and increases as they increase. It will not apparently alter if 
the cross-section of the wire changes, provided other factors remain the same. But 
Eq. 9-2.1 shows that F' incrseases if G diminishes. Thicker wires give the coila 
lower resistance. Hence other factors remaininig unchanged, coils of thicker wire 


will increase F. 
3. The one which requires less current per division of deflection is the more 


sensitive. 
4, To reduce the current through the galvanometer withont using a very 


high resistance in series, 
5. To reduce the value of:the current in the circuit. The galvanomoter 


requires a very small current. 
6. To climinate the effect of any thermal emf in the circuit. 


9-3. To measure the resisrance of a galvanometer 
by half deflection method 


Theory. In the arrangement as shown in Fig. 9.2, the equi- 


S(G+r) 
valent resistance of the shunted galvanometer equals S+Gar 


where S is the shunt resistance, 
G is the resistance of the galvano- 
meter and r, the resistance in 
series with the galvanometer. 

If Gis very large compared 
to S, then whatever be the value 
of r, the equivalent resistance 
equals S. 

Thus the potential drop V 
across S remains sensibly constant 
for all values of r, provided G is 
large compared with S. Fig. 9.2 

Therefore if r=0, the current 

Iv through the galvanometer is given by 

I= VIG=Kd (9-3.1) 
where d is the deflection of the galvanometer and K is a constant 
Of proportionality. Ifa resistance 7 is Now introduced in the 


18 
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galvanometer circuit so as to halve the deflection d then we have 
we -Kg (2-3.2) 
G+r 2 
From equations 9-3.1 and 9-3.2, we have 
De wp 
Bel ~ (enna 
or G=r. 
Thus measuring the 
G may be determined. 
List of apparatus. (1) Experimental 
(2) Low resistance box (S) co 
shunt ; (3) Resistance box ( 
Resistance box (r) of 1 t 
G) Commutator 3 (6) Cell 
Instructions, 1. Conne 


Tesistance R of the order of 1000 oh 
from a low re 


` 7 jon; 
resistance r required to halve the deflecti 


galvanometer (G ; Fig 9.2) 
ntaining fractional ohm, to be we 
R) Containing 1000 ohms or more i i 
o 1000 ohms or more as necessary? 
and (7) Connecting wires, 


; + org nce 
adjust the shunt ree 

: c 
12 centimetres on the € 


If a plug in ‘p’ is loose t 
increase when you tighten it, 

2. Insert resistances from the box ‘ 
deflection, If th 
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for two different shunt resistances. Record your data as 
follows : 


Experimental results ; 


Emf of the battery (E)=--- volts. 
Distance of the galvanometer mirror from the scale (D)=-~cm. 


( The numerical values in the table are fictitious and illustra- 
tive. ) 


Series re- Shunt 


Resistance | Gal. de- Gal, re- 


of a sistance in | resistance | in the gal. | flection sistance G 
obs. | = | the battery (8) in circuit (r) in (G) pn, 
& | circuit (R)in| ohm in cm. in ohm. 
ohm, ohm ohm 


840 


n 


OL 


Note. 


You will probably find that for several consecutive 
values of r the defleetion is Practically half that when r was zero. 


In the table record all these values and take their mean as the 
value of G. 


Calculations : 


The galvanometer current required to produce a scale deflection of 
-1 mm when there is no resistance in series with galvanometer, 
from observation (1) we have, 


276 PRACTICAL PHYSICS 


Hig fa ADE IES oe ate 
N 100d R(S+G) 
( See Sec. 9-2 equ. 9-2.1). 

(ii) etc. 

Precautions. See sec. 9-2 ( Previous experiment ). 

Method followed. ( A brief statement ) 

1. A circuit was built as shown in the diagram. Seeking to 
get a scale deflection of about 10-12 cm, I put--ohms in the 
resistance box marked R and:--ohms in S, after some trial. On 
reversal of current the deflection had the same value, 

(If a table galvanmeter is given, ‘write deflection of about 20 
scale divisions’ for ‘deflection of about 10-12 cm’,) 

2. A value of the resistance in the box marked ‘r’ -was found 
which reduced the deflection to half the previous value. Other 
values of resistance in this box which gave Practically the same 
deflection were also noted. The mean of these values is the 
galvanometer resistance sought. 

3. Operation 2 was Tepeated for another value of S, 


4. Operations 2 and 3 were repeated for other values of R 
and S. 


(i) 


Orel questions 


1. Is this method applicable for determination of the galvanometer resistance 
in all cases? If not, when does it fail ? 

2. Will there be any error if a large deflection is taken ? 

8, Ifthe resistance of the galyanomoter he low, what method would yor 
follow for its determination ? 

4, Will this method be applicable if the pole faces of the galyanometer ar? 
plane 7 

5. For given values of R and S can you say what is the approximate p-d. 
between the galvyanometer terminals ? 


Answers. 1. The working equation assumes that the galvanometer resistance 
is very large compared with its shunt resistance. So the method will not be suitable 
for low resistance galyanometers, 

2. The angular deflection 9 of the galvanometer has to be halved. The linear 
deflection is proportional to 9. Up to about 10°, @ and tan @ are proportional to 
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within about 1%. Since no higher accuracy is aimed at, we may use deflections 
about 0'15 times the scale distance. Tho scale distances approximately 80 cm. 

In the case of table galvanometers, we may use any deflection within at least 
3 of the maximum. This value is 0 itself. 

3. We may find it by using a metre bridge. Tho bridge will measure the 
resistance in the usual way, using another galyanometer. The current in the 
galvanometer under investigation must however be small. A larger current may 
damage the galyanometer. 

4. No. In that case deflection is not proportional to the current. 

5. It 1s approximately the battery current I multiplied by the shunt resistance 
5. If E is tho battery voltage, the voltage V is about ( EJR ). S. 


9-4. To determine the reduction factor of a tangent 

galvanometer by the copper voltameter method 

Theory. When a current I flows through an adjusted tangent 
galvanometer, I is given by 

I=K tan 0 (9-4.1) 
where @ is the deflection of the galvanometer produced and K, 
a constant of proportionality called the reduction factor of the 
tangent galvanometer. K is measured in the same unit in which 
I is measured. 

Let the current I, measured in amperes, be allowed to pass 
through a copper voltameter. 
Then the amount (W) of 
copper deposited on the cathode 
is given by 

W=]zt (9-4.2) 
where z is the electro-chemical 
equivalent of copper expressed 
in grams per coulomb and tis the time in seconds during which 
the current is allówed to flow. Therefore from 9-4.1 and 9-4.2 we 


Fig. 9.8 


have 


w 
Kartan 9 9P (9-4.3) 
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If it is required to express K in electro-magnetic units, then 


= Opes (044) 


Thus measuring W, t and 0, K may be determined either in 
amps from Eq. 9-4.3 or in e.m.u. from Eq. 9-4.4 

List of apparatus. (1) Tangent galvanometer (T. G. ; Fig. 9.3), 
(2) copper voltameter, (3) suitable rheostat (Rh), ordinarily 30 
to 40 ohms maximum resistance, (4) commutator, (5) storage 
cell, (6) stop-watch, (7) balance, (8) weight boz, and (9) some 
connecting wires. 

Instructions. 1. Level the galvanometer by means of a spirit 
level. This may be done in the usual way. Place the spirit level 
on the top glass cover along a line parallel to the line joining two 
of the levelling screws and bring the bubble at the centre by 
adjusting any one of the two screws. Place the spirit level at 
right angles to its previous direction and again bring the bubble 
at the centre by adjusting the third screw. 


2. When the galvanometer is levelled, the needle will freely 
oscillate. Rotate the coil until its Plane lies in the magnetic 
meridian. This happens when the pointer of the Magnetic needle 
reads 0-0 on the circular scale (provided there is no torsion if 
the suspension fibre, if the galvanometer is of the suspended needle 
type). 


3. After adjusting the galvanometer, connect as shown i? 
Fig. 9.3. Take care to connect the cathode plate of the volte” 
meter to the negative terminal of the cell, so that current may 
flow through the voltameter from the anode to the cathode. The 
copper sulphate solution should be freshly prepared, if possible 
and have a little sulphuric acid (about 1% ) added to it. The 
quantity of solution taken should be such that the entire cath 
Plate excluding its short handle may remain immersed in it. At 
this stage use a dummy cathode. 


ie 
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4. Close the circuit and adjust the rheostat Rh until a deflec- 
tion of 45° is produced. Reverse the current. The deflection 
will practically remain the same for a pivoted needle. [But in the 
case of a suspended needle the deflection may be different due to 
torsion in the suspension. In that case rotate the torsion head 
towards the side of smaller deflection till the needle moves 
through a distance equal to halfthe difference of the deflections. 
Then stop the current and adjust the coils so that the pointer 
reads 0—0. Pass direct and reversed currents again. If the 
deflections are still unequal, repeat the above operation till they 
are practically so.) 

5, After adjusting the current for a deflection of 45° on both 
sides, open the circuit and remove the dummy cathode. Take 
the cathode plate to be used, place it on a clean piece of paper 
and carefully clean both surfaces of the plate by rubbing with 
fine grained sand paper. The purpose is to get a clean surface 
free from grease, on which the deposit will be uniform. So, do 
not touch the cleaned surfaces with your fingers, nor bring them 
in contact with the table. Remove the loose granules from the 
surface by brushing with a clean swab of cotton. The plate may 
then be washed by a jet of distilled water froma wash-bottle and 
finally dried in a stream of cold air. 

6. Weigh the plate carefully by using a rider. 

7. Insert the plate in the voltameter. See that the anode and 
cathode are practically parallel. Now close the circuit and start 
the stop-watch simultaneously. 

Reverse the current every five minutes through the galvano- 
meter alone, Note the deflection when the needle is steady. Since 
the reversals should be quickly made, prefer a Pohl commutator. 

Allow the current to flow half an hour or more. Then 
stop the current and the watch simultaneously. Remove the 
cathode taking care that it does not brush against anything hard. 
Wash it carefully with distilled water. Dry and weigh it as 
before. Do not use hot air for drying as it may oxidise the deposit. 
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-Experimental results : 
Mass of corper deposi: : 


Weight of the copper plate 


Weight of copper 
before deposition | after deposition wap 
W,) | ; =m 
— | 
Geto) g | ($4 epg 
ce (seeps) me | tte b mg (g 
Ri- Sere 


Electro-chemical eqivalent of copper (z)=0'000329 gic. 
Time-deflection record. 


Deflection 


: M 
Time Direct Reversed e 
a tii 
end I end IT end I end II 
0- 5 min N 7 
5-10 min 
10-15 min 
15-20 mln 
eto. 


Time during which the current. was allowed to flow (t)=-= min 


= +.: Seconds. 
Calculations. 


or K= ap emu. of current. 
Precautions. 

(Ù The plane of the coil must be in the magnetic meridian. 
This is assured if the deflections on two sides are the same when 
the current is reversed. 

Gi) Parallax should be avoided in Teading deflections. A 
mirror is placed below the needle to help avoiding parallax. 
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(iii) The instrument should be levelled. 

(iv) Error due to eccentricity of the needle should be mini- 
mised by reading both ends of the pointer. 

(v) The cathode surface must be free from grease or any other 
non-conducting coating. 

(vi) Care must be taken to ensure that no part of the 
deposit is removed nor oxidised before the second weighing is 
completed. 

(vii) Careful and accurate weighing is necessary as the amount 
of deposit is’ small (generally about 50 mg). 

(viii) Make sure that the cathode has been connected to the 
Negative of the battery. It must not be in contact with the anode 
when inside the voltameter. 

(ix) There should be no magnet or mageetic material near the 


galvanometer, nor any strong electric current. 


Note. 1. When the deflection is 45°, the relative error in the 
final value due to a given error in reading the angle is a minimum. 

2. Copper sulphate solution of density 115 to 1'18 containing 
1 cm? of strong sulphuric acid and 1 em® of ethyl alcohol per 100 
cm? of the solution will give a good deposit and reduce risk of 
oxidation. A freshly prepared solution is much better than an old 
one. 

3. Reversal of current every 5 minutes, though recommended 
by many teachers, does not seem to have any special value. Besides, 
this cannot be done quickly enough without a Pohl commutator. 


These commutators are not supplied to students for fear of loss of 
mercury, 


So it seems better not to reverse. But readings should be taken 
every 5 minutes to see if the current is steady. 


Method followed (A brief statement ) 


1. The galvanometer was levelled and the plane of the coil 
was turned so as to be in the magnetic meridian. 
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2. The circuit was built as shown in the circuit diagram. A 
dummy cathode (similar to the one to be finally used ) was 
connected to the negative of the battery. Care was taken to see 
that there was no magnet or magnetic material near the galvano- 
meter. 

3. The current was adjusted to produce a deflection of about 
45°. Effect of any eccentricity in the mounting of the needle 
was minimized by slight rotation of the coil, and reading both 
ends of the pointer. When Properly adjusted, the deflections on 
both sides of the coil were Practically the same, 

4. The cathode plate to be used was cleaned, washed, dried 
and weighed carefully to the nearest milligram. The dummy 
cathode was then replaced by this cathode. The current and 
stopwatch were simultaneously started. 

5. The current through the galvanometer alone was quickly 
reversed every five minutes, and both pointers read, 

6, The current was allowed to flow for about half an hour. 
The cathode was carefully removed, washed, dried and wei ghed. 

7. From the data obtained, the result was calculted, 


Oral questsons 


1. What is the reduction factor of a tangent galvanometer ? 


2. Whatare the two types of tangent galvanometers 
laboratory ? Which of them is better and why 7 


that are used in the 


‘anometer 7 
4. Will you be able to work with the instrument in an iron chamber ? If 
why ? 


3. What are the essential requirements of a Helmhotz galv. 


aot, 


5. Why do you adjust current to produce 45° deflection ? 

6. What type of solution do you prefer for your work and why ? 

7. What is meant by polarisation 9 

8. Is there any polarisation e. m. f. acting within the yoltameter ? 

9. Why do you calculate current from the gainin weight of the cathode and 
not from the loss in weight of the anode ? 

10. Why do you ada sulphuric acid to the copper sulphate solution ? 

11. Explain, why å very strong or a very weak current is not desirable. 

12. Does the amount of deposit depend on the strength of the solution ? 
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Answers. 1. See ‘Theory’. It is the constant (in current units) by which the 
tan @ value of the galyanometer deflection must be multiplied to get the current 
flowing through the galvanometer. 

2. The single coil and the double-coil (Helmhotz) galvanometers, The latter is 
better, because the needle moves in a more uniform magnetic field. 

3. Two identical parallel coaxial coils separated by a distance equal to the 
common radius, The needle should be centrally placed on the common axis. 

4. No. The iron chamber will shut out the earth's magnetic field, and there 
will be no restoring cquple due to the earth’s field on the needle. 

5. An error in reading the deflection produces minimum error in the result 
when the deflection is 45°, 

6. Strong copper sulphate solution. It is stable and has a low resistivity. 
Besides, it does not polarize the cathode, as copper deposited on copper. 

T. Polarization is a change in the nature of the cathode due to deposition on it 
of a material other than the material of which it is made. 

8. As copper is deposited on copper in this case, there is no back e, m f in the 
yoltameter. 

9. The anode (as also the cathode) contain impurities, As the anodo loses 
matter the impurities fall off, So, loss of wei ght of anode material includes the 
mass of the dislodged impurity. This does not happen at the cathode. 

10. Their addition retards oxidation of the finely deposited granules. It also 
makes the deposit more uniform and hard. 

11. The deflections will be small or large, Any error in reading in such a 
case will cause a large error in the result, 

12. Tho current and the time of deposit remaining the same, the result is not 
affected by the concentration. But the solution must have good conductivity. 


9-5 To determine the end corrections of a metre bridge 


Theory. The small contact resistances at the ends of a metre 
bridge wire and errors arising from the fact that the ends of the 
wire may not coincide with the 0 and 100 cm marks on the metre 
scale, contribute to the ‘end corrections’ of a metre bridge. These 
Corrections are expressed as lengths in cm of the metre bridge wire 
which must be algebraically added to the apparent lengths of the 
wire on two sides of a null point. 

To find these Corrections, resistances P and Q ( Q should be 10 
to 100 times larger than P) are placed in the two gaps of the 
metre bridge ( ACB ; Fig 9,4 ), and a balance point N found in the 
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usual way. If J and 100—I/ are the lengths of the wire on two 
sides of N, and 2, and 2, are the end corrections, then 


2) +a, 


Q (00-1) Fa, (ey) 


The resistances are then interchanged and a new balance point 


N’ found. If Land 100—L are the lengths of the wire on two 
aides of N’, then 


Q Lra _ 
P (00-L)+2, 2) 


Solving equations 9-5.1 and 9-52 we get, 


_QI-PL 
lay (05.3) 
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and iy = 8-100 (95.4) . 


From these two equation 41 and 42 can be calculated, since P» 
Q, l and L are known. 


Apparatus. (1) Metre bridge ( AB; Fig. 9.4); (2) cell (E); 
(3) rheostat (Rh) to be used in series with the “cell—of resistance 
100 ohms or more; (4) commutator K for reversing current ; 
(5) two resistance boxes for use in the gaps—one to provide 1 ~ 
ohm and the other 100 ohms; (6) high resistance R’ of about 
5,000 ohms or so for use in series with galvanometer ; (7) galvano- 
meter (G); (8) connecting wires. 


Instructions. Connect as shown in Fig. 9.4. Put a resistance 
of Lohm in the left gap ( P=1 ) and 100 ohms in the right gap 
(Q=100). Find the balance point. Reverse the current and find 
the balance point again. Take l as the mean of the two values as 
obtained. 

Interchange P and Q and proceed as above. This gives L 


Substitute the values of P, Q,/ and L in equations eons 
9-5.4 and find 2, and 1g. 


Next use a P : Q ratio as 1 : 50 and repeat. 


Ifend correction is to be considered in a measurement, such 
as that described in Sec. 9-6, the lengthson two sides of a balance 
Point should be increased by the corrections at the respective 
ends. 


Note: Ifvand L aro inem, J, and Àa will also be in cm. 

End corrections are generally. small. So if the balance point 
is near the middle of the wire the error introduced by ignoring 
end corrections will be small. Often this error is no bigger than 
the error of the other measurements- 
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Experimental results : 


Resistance || Null Point 


Ro. inohmsin | in cm with Mean 2, | Mean ła | Mean 
Ge n. p. in dy in As 
obs. direct | reverse | in cm cm cm 
L. gap | R. gap current] current 
P Q 
(smaller)| (larger) 
2. 
i | 
es Selec aaa ae 
1 Q s 
< (larger) (smaller) 
2 | 
i 
— iia ee 


Method followed: ( A short statement ) 


1. A circuit was built as shown in the figure. 

2. With P=1 ohm in the left gap and Q=10 ohms in the 
sight gap, null points were determined with direct and Teversed 
currents. This was done independently thrice, The mean value 
of null point was used. : 

3. The gaps were interchanged and the above operations 
repeated, 

4, Another ratio 1: 20 for P: Q was used, and operations 
2 and 3 repeated. 

5. From the equations for 4, and 2, derived from a given 
ratio of P : Q, the end corrections were calculated. 

(If two different ratios P/O were used, two sets of values of 1, 
and 2, will be obtained. In that case, the mean value of each 
(21 or 24) should be taken as the experimental value. ) 


Precautions 


d (i) The minimum value of P/Q should not be less than 5, so 
t at the nuli Points / and L obtained by interchanging the 
Tesistances in the two gaps, differ appreciably, 
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(i) As the end errors are quite small, the connecting wires 
used in the two gaps should be fairly thick and short (i.e. wires 
of negligible resistance ) so that no further extra resistance enter in 
the bridge due to the connecting wires. 


Oral Questions 

1. Why it is called a metre bridge ? 

2. What do you mean by end errors of a metre bridge ? 

8. Can a metre bridge be employed for measuring a very high resistance or a 
vory low resistance ? 

4. Tf the wire of the metre bridge be replaced by one of different material or of 
different cross-Section. will the null-point change ? 

5. When the bridge becomes most sensitive ? 

6. If you observe the galvanometer deflections in the same direction at. the two 
extreme ends of the wire, in spite of the correct connections, then what shonld be 
your conclusion ? 

Answers. 1. Because a uniform wire of one metre long is employed and 
its works on the principle of wheatstone bridge. 2. Seo theory. 3. No. when 
high resistances are put in the two gaps, most of the current will flow #hrough the 
bridge wire so that balance point extents over a length instead of a point, making 
the bridge very much insensitive. For low resistances the connecting wires and the 
contacts at the binding tenminals havo resistances which are relatively no longer 
negligible and the same reason for high resistance as stated above. 4. No. the 
relation P/Q=2/(100—12) does not depend on p. 5. The bridge will be most sensitive 
when position of the null point is near the middle of the wire i.e., when the resis- 
tances of the four arms of the bridge are equal. 6. Ono of the resistances in the 
two gaps is too large in comparison to the other. 


9-6 To determine the specific resistance 
of the material of a wire 

Theory. In the arrangement as shown in Fig, 9.5, let R and 
X be the known and the unknown resistances respectively, and 
l be the distance of the null point measured from the left end A of 
the metre bridge. Then by the principle of Wheatstone’s network, 
-we have R/X=1/(100—1) 

or X=RX (100—1)/1 (9-6.1) 

Thus knowing R and measuring l, X may be determined, 

Again if X be the resistance of L centimetres of the given wire, 
then X=PL|ny* 
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or P=X.xz?/L (9-6.2) 
where P is. the specific Tesistance of the' material of the wire and 
r is the radius of cross-section of the given wire. 

Thus measuring X, 7 and L, P may be determined, 

List of apparatus. (1) Metre bridge ( AB; Fig. 9.5), (2) cell 
(E), (3) rheostat (Rh) to be used in series with the cell—of 
resistance 100 ohms or more, (4) commutator K for reversing 
current, (5) resistance box for use in the gap, preferably contain- 
ing fractional ohm ( say 0'1 ohm to 1 ohm or higher ), (6) high 
resistance R’ of about 5,000 ohms or so for use in series with the 
galvanometer, (7) galvanometer (G), (8) connecting wires, (9) the 
experimental wire (X), (10) screw gauge. 

Instructions. Connect as shown in Fig. 9.5. Before connect- 
ing, fold 1 cm of the experimental wire at each end at right angles 
to the rest of the wire, and cover up to the bend within the 
binding screws. With 100 2 or higher in Rh, 50002 or so in R' and 
12inR, move the sliding contact first to the left extremity and 
then to the right extremity of the bridge wire. If the connections 
have been correctly made, the deflections will be on opposite sides. 

Move the contact along the wire till the galvanometer deflec- 
tion is almost zero. You have got the null point approximately. 

If the null point is far from the middle of the bridge wire 
bring it as near to 
the middle as you. 
can by altering the 
value of R. Make 
the resistance in R’ 
zero, and get the null 
point accurately. 
Reverse the current 
ý and note the null 

Fig. 9.5 Point again. If it is 
fairly away from the first (say, more than 4mm), follow the 
method described in Sec. 9-1 (9), 
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Now interchange the positions of Rand X and find the null 
point again. [If the value of X comes out appreciably different 
from that obtained from the previous measurement, an unknown 
resistance has been included somewhere in the bridge. This may 
be due to a loose or faulty contact. The source of trouble must be 
detected and eliminated. ] 

Use another value of R, the null point still lying near the 
middle of the bridge wire, and repeat the previous measurements. 
Each time you hunt for a null Point, have the full value of R’ 
in use. R'is to be reduced to zero after the approximate posi- 
tion of the null point has been obtained. 

Altogether use at least three different values of R and take care 
that the null points do not move far from the middle say, not 
beyond 45 and 55 cm. Interchange R and X after you have 
noted the null points for all three values of R. 

Take the mean value of Xso obtained. If any one value is 
rather different from the rest reject it, making a note that you 
do so. 

X is to be divided by the length of the wire between the bends 
that you have made at its ends and multiplied by the cross section 
to givethe sp. resistance. The effective length is the length put 
across the gap, and not the total length. 


Experimental! results : 
Distance between the bends of the wire (I)=------cm. 


Constant of the screw gauge : 
Smallest main scale div.=---mm. 
“full turns= --+mm. 
Pitch of the screw gauge=---mm. 
No. of divisions on the circular scale= «= --- 


ʻe Least count=.-..-.. mm. 
Zero error=::-=++mm ( to be added | subtracted ) 


Readings for the diameter of the wire (in mm): 
(a and b are at right angles. ) 
icy i 
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ee 


No Linear Vernier Value Apparent Mean 
of scale reading of diameter diameter 
a reading vernier da’ 
j ma reading in in mm 
mm in mm mm 
1 (a) 
(b) 
2 (a) 
- (b) 
8 (a) 
(b) 


sa ee ee 


Corrected diameter (d)= 
Resistance of wire : 
( The numerical values in the table are fictitious and illustra- 
tive. ) 


*mm=* "cm. 


Resistance in 
ohms in n Null Mea ; 
P SA ___| Current Soit a X (in ohms) 
L. Gap R. Gap in cm | 
i 100- 583:3 
X Direct 533 5 =13x — = 
13 x Reverse 333 53'3 ? 53'8 
- Direct 463 =1gx—164 
x 13 Reverse 45°5 464 BX 700 - 46'4 
i Direct 50'S eae 
x a Reverse 505 zi F 
1'1 X ete, 


Mean X= = ohms. 
p=(XI!)X nd’l4=: =" ohm cm. 

Note, If end corrections are to be considered increase | by à 
and (100-1) by 22. 4, and 4s are the end corrections at the left 
and right ends respectively. These should be determined separately 
asin Expt. 9-5. 

Precautions. 

(i) The null point should not be far from the middle. 

(ii) Take care that none of the plugs left in the box R is loote. 
This is most important. 
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Method followed. ( A brief statement ) 

L The lenth of the experimental wire between the binding 
screws was measured. 

2. The diameter of the wire was measured at three places at 
right angles. 

3. The resistance of the wire was measured in the usual way, 
with two (or three) values of the known resistance, the gaps being 
interchanged for each and the current reversed each time. 

The data so secured was sufficient to calculate resistivity. 


Oral Questions 


1. Define sp. rosistance. What is its unit ? How does it depend on tempera- 
ture? At what temperature have you taken your measurement ? 

2. The arrangement of conductors ina metre bridge is that of Wheatstone’s 
network. Show this clearly. 

3. What is the harm if you take null points near the ends ? 

Answers. 

1. Specific resistance or resistivity is the resistance of a amit cube of the 
material. It is the resistance of a length of 1 cm of the material haying a uniform 
cross-section of 1 cm?, 

Resistivity is measured in ohm. cm units in the cgs system (or ohm, m in SI 


| units). In metals, resistivity increases with temperature. The value measured 


here is at the room temperature. 

2. In Fig.9.4. the four arms of the Wheatstone bridge are AO, CB, AN, NB. 
The battery is connected between A and B ( terminals of the AC, BB pair, which 
are also tho terminals of the AD, NB pair ). The galyanometer is connected between 
O and N (terminals of CA, AN pair and the OB, BN pair.) 

8, The error will be greater, as the relative error measuring a short length 
is much greater than that in measuring a much longer one, Besides, an orror will 


| be introduced if there is appreciable end correction. 


97. To determine the temperature coefficient of resistance 

of the material of a wire. 
Theory. The temperature coefficient of resistance of the 
material of a wire is defined as the change in resistance per unit 


| resistanc2 pet degree rise in temperatue. 


Ie X, and Xs be the resistances of a coil at temperatures t° 
and #,°C respectively, then 
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Xi=X, (1+4¢,) (9-7.1) 
and X,.=X, (1+<¢,) (9-7.2) 
where < is the mean temperature coefficient between tı and tC 
and Xo is the resistance of the coil at 0°C. 
Eliminating X, from equations (9-7.1) and (9-7.2) we get, 


X-X e 
Cia ES 9-7.3) 
E per G. į (9-7 


Measuring X,, X., t2 and ti, 4 may be determined. 

The resistance of the coil‘can be measured by a metre bridge 
applying wheatstone Bridge Principle. 

Let X be the unknown resistanc2 in the left gap and R be the 
known resistance in the right gap. and / be the distance of the null 
point measured from the left end of the metre bridge, then 

x 1 
R 100-1" GTA 
from which X can be determined. 


List of apparatus. Metre bridge. 


Instructions. 1. Take a coil of insulated wire’ the tempera- 


ture coefficient of whose material is to be determined. Immerse 
it in a test-tube containing oil and place a thermometer inside- 
Place the test-tube, along with the thermometer, inside a bypso” 
meter through an opening in the cork at its top. 

2. Connect as shown in Fig. 96 AB is the wire of the metre 
bridge. R is a resistance box, the resistance of which can be 
varied by steps of one ohm. Rh isa theostat used in series with 
the cell Eto limit the current drawn from it. Use a high resis- 
tance in series with the galvanometer, or a low resistance as shunt 
, across it to control its sensitivity. Use long flexibles to connect 
the coil under test to the bridge. 


3, Measure X, the resistance of the coil at the room-tempet@” 
ture, by means of the metre bridge, using three values of the 
known resistance and keeping the null point within the range 45 
to 55cm of the bridge wire. Also interchange the resistances 
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and take a similar set of readings. Note the temperature t, 
recorded by the thermometer. 


Fig. 9.6 

4. Allow the water in the hypsometer to boil. Wait until 
the temperature of the coil reaches a maximnm value and remains 
stationary. Then measure Xa, the resistance at this higher tem- 
perature (ta C) in the same way as before. 

5. Take care to protect the instruments on your table from 
the heat radiated by the burner. The latter may be surrounded 
by asbestos screens. 


Experimental results : 


[Resistance in Null point 
Tempe- | No. ; i i Mean | Unknown] Mean 
rature a ohm in gap peer ach null resistance | resistance 
pf the obs, ib ; inves reverso |, point | in ohm in ohm 
eft | right| current current |Ù) incm 
ni tks x R 
aii 2. x, Ri 
=e] & | Xa} Bs +X) 
4, Ri LA x 
5. Ry Xi 
6. Rs xX, | 
A dlp X, R,’ | w 
Final 2. xX, R,’ 
a o ae ||" ka || Res 
ERORIA BUZ (Xa) 
5. Ry | Xs 
6, Rs’ | Xa | 


294 PRACTICAL PHYSICS 


Calculations. 


For X in the left gap and R in the right gap 


= l = s 
X Rio =-+-ohm 
For Rin the left gap and X in the right gap 
x=R0 
X-X o, 
LS SSA Ss. 
en per °C 


Method followed. ( A brief statement ) 

1. The material under test, given in the form of an insulated 
wire, was kept fully immersed in oil ina test tube. A thermo 
Meter was introduced into the oil. The ends of the coil wer? 
connected to two binding screws outside the lid covering the test 
tube. The test tube was placed in a hypsometer. 


2. A metre bridge circuit was built up as shown in the circuit l 


diagram. The hypsometer, with a Bunsen burner below it, wa 
kept at a distance so as not to heat any part of the arrangement 
The burner was screened off by asbestos sheets. Long flexible’ 
wire used to connect the coil to the bridge. 

3. The resistance of the coil at the room temperature was 
carefully determined. 

4. . The burner was lit and the water in the hypsometer set 
to boil. When the thermometer in oil continued to give a steady 
reading, it was noted and the resistance. of the coil agai” 

determined. 
5. X was calculated from the data so obtained, 


Precautions. 


A ; rata) t | 
1. In order to avoid unnecessay heating of the circuit eleme” 


the battery circuit should be closed only when making observ 
tions. 

2. While heating the resistance coil, care must be taken t° 
protect the instrument from the heat radiated by the burner- 
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3. The temperature of the coil at steam point should remain 
stationary for at least 10 minutes after which the null points should 
be recorded. 

Oral Questions 


What is meant by temperature coefficient of resistance ? 
Is it a constant quantity ? 


2D: Tee a 


Does resistance increase or decrease with temperature ? 
4. Can you name any substance the temperature coefficient of resistance of 
which is negative ? 
5. Do you know of any instrument in which variation of resistance is utilised 
for measuring temperature ? 
6. Why do you use alloys for the construction of standard resistances ? Name 
some of the alloys so used ? 
7, Why do you reverse the current ? 


Answers. 1. It is the increase in resistance per unit resistance per degree 
rise of temperature. 


2. It changes with change in initial temperature. But for small changes of 
initial temperature, it is practically constant. 

8. In the case of metals resistance increases with rise of temperature. In 
semiconductors, it decreases. 

4, Graphite; all semiconductors (such as germanium and silicon). 

5. The platiuum resistance thermometer. 

6. Resistance of manganin and constantan varies little with temperature. 
They have very small temperature coefficient of resistance. For manganin it is 
about 0'1X10-4 per °C at ordinary temperatures, For constantan, it lies 
between +-0'2x10-* and -0'2*10-* per “C..depending oncom position and past 
treatment. 

(See the corresponding table in the appendix. For copper between 0° 
and 100° © a is about 43x 10-* per °C). 

T. If there is any thermal em.f. in the galvanometer part of the circuit, 
it will disturb the true null point. The null points will be difierent according as 


this e.m.f. helps or opposes that due to the cell. The mean of the direct and 
reversed deflections is nearer to the true value. 


( The heat radiated from the burner may create a thermal e.m.f. ) 
9-8: To measure the resistance per unit length 
of the wire of a metre bridge by Carey Foster’s 
method 
Theory: In the arrangement as shown in Fig, 9.7, P and Q 
are two neatly equal resistances inserted in gaps 1 and 2 respec- 
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from the left end of the bridge wire, then by the Principle of 
Wheatstone’s bridge, 


B (+2) 

Ompa ee ao 9-8.1 

Q R+(100~7427)p ( ) 
where 2 and 2’ are the end corrections Tespectively at the left and 
right ends of the metre bridge ( Tepresented in equivalent lengths 
istance per unit length of bridge 


Fig, 9.7 


rs 


Similarly, if the copper connector and the resistance R be 
interchanged and a null point obtained at l’ cms from the left 
end of the bridge wire 4 


Piia | R+iI'+2)p 

Q (100 -TFN (9-8.2) 
From 9.8.1 and 9-8,2 we have 

P+Q_R+(100+242'p 

Q R+(100-14+2P 


and P+Q_R+(100+4243' p 
00-747 


(9-8.3) 


(9-8.4) 
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Equating R. H. S. of equations 9-8.3 and 9-8.4 we have 
REUO00=14+7 e=(100-1'-+2')p 
or R=(l-l')p 
P=Ri(I-1) (88.5) 
Thus measuring R, | and I’. P may be determined. 

List of apparatus. (1) Metre bridge provided with four gaps 
(or Carey Foster’s bridge) ; (2) two nearly equal resistances (equal 
lengths of wire cut from the same reel may serve the purpose) ; 
(3) resistance box R provided with fractional ohm resistances ; 
(4) galvanometer ; (5) rheostat ; (6) cell; (7) commutator 
and (8) connecting wires. 

Instructions. 1. Connect as shown in Fig. 9.7. Usea high 
resistance R’ in Series with the Salvanometer or a shunt, if the 
galvanometer is too sensitive. The connecting leads to R ( gap 4) 
should be short and thick. 

2, With all the Plugs closed in the box R (gap 4), observe 
the null Point ; it should be near the middle of the bridge wire. 
If it is not so, check your connections and the plugs of the box R 
for looseness. 

3. Starting from the lowest resistance in the fractional resis- 


4. Interchange the copper connector and the Tesistance box R 
and in a similar manner as before record the null points for those 
values of R for which null points were obtained on the cther side 
of the wire, 

5. Calculate the value of P for the bridge wire from each set 
of readings thus obtained. If the bridge wire is uniform and 
the connecting wires of Rare short and thick, the values Of P so 
obtained will agree: In that Case take the mean, 
do not agree, take three of the highest yalues 
you used in R and calculate the mean value of p from them, 


298 PRACTICAL PHYSICS 
Experimental results : 


Resistance (ohm) in 


the 1 Null point (em) for m R 
Ob |e a Unt i= 
right | om: ohm/em 
left gap gap | Direct Reversed | Mean 
| 
w| o R | o 
1, a | 
(b) Ry oy w) 
(a) 0 R, 
2. a —— ——— 
(b) R, o 
eek i 
0 R 
(a) 2 
3. bs. T T 
Wj Bs £ 
(a) 0 R, 
4, ara yaa 
wj Ba S | 


Mean p= ++ ohm/cm 
Method followed. 


1. The circuit was built as shown in the circuit diagram. 

2. The resistance in gap 4 was reduced to zero by putting in 
all the plugs in position, each making good contact. The balance 
point was then found to be at'-+:--cm (near the middle). 

3. Suitable fractional resistances (R) were then introduced in 
gap 4, gap 1 being short circuited by a copper strip. The null 
Point was determined for each such Tesistance, both with direct 
current and reversed current. The resistances in the gaps (1 and 
4) were then interchanged, an 


This was carried on u 
the wire, 


d the same observation made. 
ntil the null points were near the ends of 


4. From the data secured, P was calculated. 
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Precautions, 8 


1. For better result, R should be so adjusted that the null- 
points lie within 15 cm. from the ends of the bridge. ; 

2. To make the bridge sensitive, the value of equal resistances 
should preferably be equal to 1 ohm. 


Oral questions 

1. What are you determining 7 

2. Why is it called the average value of P ? i 

8. Will it change if a metre bridge of a thicker wire but of the same material 
be given ? 

4. Isit related in- any way to the specific resistance of the material of the 
wire ? = 

5. Can yon determine the specific resistance of the material of the wire if you 
are provided with a screw gauge ? j 

6. Why do you use such a resistance as would cover the greater part of wire 
between the null points ? 3 

7. P may also be determined by measuring the total resistance of the metre 
bridge by a P.O. box. Which of the two methods is better and why ? r 

Answers. 1. The average value of the resistance per unit length of the wire 
of the metre bridge. 7 

2. The value of p may not be the same throughout the length of the wire. Since 
we are finding P from the resistance of abont the full length, it is the average value 
we are getting, 

3. Yes. A thicker wire has a lower resistance than a thinner one of the same 
material, 

4, Yes. Itis directly proportional to the specific resistance. [The resistance 
R of a wire of length J, diameter d and specific resistance (resistivity) sis given by 
R=sX1/(qrd?)), 

5. Yes. We have found P, which equals R/l. The screw gauge will give d. 
So we can calculate s. 

6: To get a good average value for P. 


7. The P.O. box method will give a better average since we get the average 
value for the whole length. 

9-8.1. To determine a resistance with Carey Foster’s bridge 

(resistance per unit length of bridge wire being known) 

Theory. Let there be two equal resistances in each of the two 

inner gaps of a Carey Foster bridge. The unknown resistance 
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X is placed in the extreme left gap. A resistance box R of such 
Tange as may cover the value of X is connected across the 
extreme right gap, 

Let a balance point be obtained at a distance l 1 cm from the 
left end of the wire when the resistance in the box is R. Let: the 
balance point shift to la cm from the left end when X and R 
interchange places. Then 

X-R=(l,—1,) 

or X=R+PA(1,=1,) 

where P is the resistance per centimetre of the bridge wire. 
Hence X can be found in this way. 

Changing R to R+1 (and perhaps to R+2 also 
new null points which will also give t 


way. We have to read R+1 or R42, 
9-8.6. 


(9-8.6) 


) we may get 
he value of X in the same 


as the case may be, in Eq. 


Fig. 9.8 
[ P,Q=two equal lengths of identical wire of resistance a 
X=the unknown resistance ; R=resistance box of appropriat, 


bout one ohm each ; 


‘ol the current (about 
Say, about 1000 ohms), 


List of apparatus. As in Experiment No, 9-8, except that the 
resistance box should have a suitable Tange 


» Say, 1 to 400 ohms 
orso. (Tf this range does not cover X, a box of wider range 
should be taken, ) 
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Instructions. 1. Build up the circuit as shown in the circuit 
diagram (Fig, 9.8), 

2. Short circuit X and R ( the outer gaps) by thick short 
wires. Check if the null point is near the middle of the wire. 
(If it is not so, check the connections, Particularly of P and Q. ) 
Then remove the short circuit. 

3. By trial, find a resistance R in the box such that the null 
Point lies near the left end of the bridge wire. Note lı. Inter- 
change X and R. Find the null point l.. In finding the null 
Point, use both direct and reverse current. 


4. Try values R+1, R£2 and see if you can get null points in 
the same way as in 3. 


Record data as follows. 


Experimental results, 
’=Resistance per unit length of bridge wite=+-ohm/cm. 


Resistance in the | Null point min x= 
aoar an TN +7" | R+(l,—1s) 
left gap right gap j direet | reverse | mean 
| ee 
I iss PRTA 
1. | | (io 
|i | gal (l) 
Sara NG 
| 
| tii). 
2. ete nied = ta) 


(Tf X can be obtained for other values-of R, take the mean 


e final result. ) 


The unknown resistance (X)= ohms. 
Method followed. 


1. The circuit was built as shown in the circuit diagram. 
. The unknown Tesistance X was placed in the extreme left gap 
and a suitable fractional resistance box was connected in the extreme 
tight gap. Two equal resistances were connected to the inner gaps. 


302 PRACTICAL PHYSICS 


3. A resistance R was introduced by trial such that the null 
point lies near the end of the bridge wire. The null points were 
determined both with direct and reverse current. 

4, The resistance in the box were changed to other values and 
null points were noted as in 3. 

5. The resistances in the extreme gaps was then interchanged 
and the same observation made. 

6. From the data secured, P being known, the value of the 

unknown resistance was calculated. 

Precautions: Same as previous experiment. 


Oral questions 

1. Has this method any advantage over the usual metre bridge mothed of 
finding resistance ? If so what ? 

2, In what way should the above work be modified to give p 7 

3. What will be the harm if P anā Q are not equal ? 

Answers, 

1. The method eliminates the effect of ‘end correction’ of the metre bridge. 
It is therefore better than the usual metre bridge methea. 

2. Ifwe use X=Oin the above work, we get O=R+(1,-1,)p or R=p(l, ~ la) 
or P=Ri(l, —lo). In this case i, comes out to be near the right 

8. We may not get any null point on the bridge wire, 


end of the wire. 


99. To determine the value of a low resistance by the 
method of fall of potential. 


Theory. A low resis- 
tance ab of known value 
R and the unknown 
resistance cd (of value 
X) are connected in 
series. A uniform wire 
AB ( of metre bridge ) is 
connected in parallel 
with the two and the 
combination is connec- 
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Let the points a’, b’, ¢’ and d’ be equipotential with a, b, ¢ and 
d respectively. If ii be current in the low resistance branch and 
ia that in the wire, the potential difference between a and b=Ri, 
and between c and d= Xi. Similarly potential difference between 
a' and b'=1,6i, ; and that between c’ and d'=1,Pis, where l, is the 
distance between a’ and b’,/, that between c’ and d', and P is the 
Tesistance per unit length of the wire. We have then 


Ri, =1, Pi, and Xiz=Ishig. 
Dividing, R/X=h |l, or X=Rlpll,. 


Thus knowing R and measuring l, and la, X may be deter- 
mined, 


List of apparatus, (1) Standard low resistance* (R) of value 
O'I ohm or less, (2) unknown low resistance (X), (3) metre bridge 
(AB), (4) fout-way key, (5) cell (E), (6) commutator (K), (7) low 
Tesistance rheostat (Rh) of thick wire, to be used in series with the 
cell having a value 20 ohms or less, (8) sensitive low resistance 
Salvanometer ( G 3 Fig 9.9 ) with protective resistance. 


Instructions, Connect as shown in Fig. 9.9. The connecting 
wites in series with the low resistances must be as short and thick 
as possible. The terminals of R and X are to be connected to 
the four-way key. TfR or X or both are provided with potential 


ee tite A ta S 


T m 
*A standarā low resistance generally used in the laboratory is of the 
shown in Fig. 9.10, Te is a wavy strip of manganin of suitable dimensions ending 
Pee ys r i on 
in two terminals O, © called the current terminals. The actual resistance written 


r : E; 
it is the resistance between two points of the strip connected to the terminals P, 
called the Potential terminals, A 


The termi als 
O, C are connastsl cider 
the Potential lea 


to the Circuit ; 
ds are ta r 
P. P, ken from 
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leads, itis these leads which are to be connected to the four-way 
key. Connect the galvanometer in turn to the points 1, 2, 3 and 4 
and find the null point for each. When finding the null point, be 
sure that the arrangement is sufficiently sensitive. To ensure this, 
shift the jockey by one milimetre on either side of the null point. 


If there be ateadable deflection on either side of the zero, then 


the arrangement is sensitive. But if the null point covers a 


length of the bridge wire, then increase the current by reducing 
the resistance of the rheostat until the arrangement is sufficiently 
sensitive. The rheostat resistance should never be made zero, as 
in that case the cell and the galvanometer may be damaged. 
Reverse the current and find the four null points again. 


Inter- 
change R and X, and take readings as before. 


Repeat the experiment for thtee different values of the main 
current by varying the rheostat resistance (Rh). 
should also be repeated by changing slightly the le 
the connecting wires in the low resistance branch. 


The readings 
ngth of one of 


Calculate X separately from each set of readings and find the 
mean. 


Experimental results : 


The value of the standard low resistance (R)=---ohm 
{(@) and (r) readings for direct and reversed currents}. 


[ Owiug to the presence of a thermo-em.f, in the cirenit, 
current may chango the position of the null point by 
centimetres, 


reversal of the 


aS much as several 
Taking a mean for the two positions of the null point is n 


ot proper 
in such cases. The procedure then to be adopted is as follows 
Break the battery circuit and then close the 
galyanometer generally shows a deflection. 
of the galvanometer in seeking null points. 
should be checked from time to time. | 


galvanometer circuit. The 


Take this deflected Position as the zero 


This zero is unfortunately yariable and 
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Length of | Res. in ohm | Null pts. [Position of Null 
the conno-| #4 the gap | corres- | pts. in em. for % aa x F 
cting wire = ponding Oo) in in 
left | right to d |r [Mean OO Rohan 
2 
z b Xx=R°? 
x R 5 | 1 
Short j ate d | 
a 
Vie p ix=Rle 
c T 


f 
xX R | 
Long ln le | 
R G | 


The value of the unknown resistance (X)=-++:ohm. 


Precaution. Particular care should be taken to make the ` 
connecting leads Aci, cscs and c4B as short and thick as possible. 


If these leads are long and thin, then the total drop of potential across these 
t aadi much greater than the sum ofthe potential drops across R and X. 
Bat the drop of Potential between the points A and B is the same whether we take 
dt along the bridge wire or along the low resistance circuit. If the drop of potential 
os Ror X is small compared to drops across the leads the lengths I, and lą will 

Very short. This will reduce the accuracy of the result. In order to increase 
me BES) » the dead lengths. i.e. the lengths of the metre bridge wire corres- 
Lease to the drops of potential across the leads, should be reduced as far as 
practicable, This may be done by reducing the resistances of the connecting leads, 
sing short thick wires, 


Method followed. ( A short statement ) 
l. The circuit was built as shown in the circuit diagram. The 
Connecting wires for R and X which cerry the battery current 


were made as thick and as short as possible. 
2. The galvanometer was connected in turn to the four 
terminals (of R and X ) and the balance point on the bridge wire 


20 
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determined for each. Each balance point was the man of 
several, obtained by independent setting and reversal of current. 


3. Precaution was taken against Presence of thermo-emf in 
the circuit. 


4. The unknown value of the low resistance was calculated 
from the data so secured. 


Oral questions 
1. Is it Wheatstone’s network that you are using 7? 
2. Why is it necessary to use short and thick current leads in series witlt 
low resistance ? 
8. Is there any harm if the wires connecting Rand X be long and thin 2 
4. Trace the current from the battery to the circuit and back. 


5. I; the equivalent resistance between the terminals of the metro bridge 
greater or less than one ohm ? What is yonr idea of the order of magnitude of this 


resistance 7 


6, Will there be any harm if the rheostat in series with the cell is not used ? 


Ts 


Will the positions of the null points change, 

(a) if the current from the battery is increased, 

(b) if the length of a connecting wire in the low resistance branch is increased ? 

Answers. 1. No, we are finding eqnipotential points on two branches in paraliol. 

2. The resistance of the leads must be negligible compared with those of the 
low resistances. The value we get is the total resistance between the potential leads. 

8. It will reduce the lengths 1, and la With a long thin wire between Rand 
X, much of the potential drop will occur over this wiro, 

4. . (Look at the diagram and do it. Then trace the current in the circuit,) 

5, The equivalent resistance is much less than 1 ohm, since tho bridge wire is 
shunted by a low resistance of yalue about R+X. It is of the same order as RY. 

6. As the bridge has a small resistance (smaller than R+X), a large current 
will pass through the cell. 

7. (a) Change in battery current will not change the position of the null point 
unless there is much heating. 

(b) Introduction of additional resistance in the low resistance branch will 


alter the position of the null point. 


9-10. To measure a medium resistance by substitutio® 
method using a shunt box. 
For measuring resistances of the order of 10°—10* ohms the 
following approximate methed, known as the substitution meth? 


may be used. It is not suitable for measuring low resistances- 
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~~~ List of apparatus. (1) Unknown ( medium ) resistnce X ; (2) 
a resistance box R of total resistance nearly or exceeding that to 
rbe measured, (say, a box of maximum resistance 10,000 ohms ) ; 


Fig. 9.11 Fig. 9.12 


(X=unknown resistance , R=high resistance box or divided megohm , AOD 
(Fig. 9-11) = two-way key > B L, La Bal,la (Fig. 9.12)=Pohl commutator with cross 
Connections removed , KScommutator for current reversal , S=resistance in shunt 
box, G=galvanomotor » E=cell. ] 


(3) shunt Tesistance box S containing resistances 1 to 1000 ohms ; - 

(4) salvanometer G { preferably of high resistance ); (5) cell; 

commutator K for reversing current ; (7) a two-way plug key, 

oF a plug type commutator, or a Pohl’s commutator with cross- 
Connections removed; (8) connecting wires. 

_ Theory. in the arrangement shown in Fig. 9.11 ( or Fig. 9.12), 

if the unknown resistance X is included in the circuit [ by closing 

the gap between A and D of a two-way plug key or a plug Ee 

commutator as in Fig. 9.11, or by rolling the rider of the Pohl 8 

commutator, to the right as in Fig 9.12], the current C flowing 

through the galvanometer is given by 

STS Ean 
CA : eee 
S+G 


(9-10.1) 
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where S and G are the shunt and galvanometer resistances- 
respectively ; E is the emf of the cell; dis the deflection of the 
galvanometer and K is a constant of proportionality. 


(In Fig. 9.11 4, B, C, D are the terminals of a plug type commutator of which 
the plugs are initially removed. Ifa two-way plug key is used, A,C,D aro its 
terminals of which A is the common one. During work only one plug is inserted 


as necessary between A and C or A and D. 
In Fig 9.12 Bı, Ba, Li, Le, la, la are the terminals of a Pohl commutator with 


the cross-connections remoyed, B,, B, are the middle terminals.) 

If now a resistance box is brought into the ciruit in place of 
X and the value of the resistances in the box is so adjusted that 
the same deflection d is obtained on the galvanometer scale with- 
out altering the shunt resistance S in any way, the galvanometer 
current must be the same as before, and will be given by 


S Ea 
GGG ase 1 (9-10.2) 
S+G 


Comparing 9-10.1 and 9-10.2 we find X=R. 


Instructions. Arrange your apparatus as shown in Fig. 9.11 
or 9.12. In the case of a two-way plug key or plug type commu- 
tator as shown in Fig. 9.11, use only one plug to close either 
the gap between A and D or between A and C to bring X or R 
in the circuit, as the case may be. When a Pohl’s commutator, 
with cross-connections removed, is used as in Fig, 9.12, X or R 
is brought in the circuit by rolling the rocker to the tight or to 
the left. 

Put X in the circuit. With zero shunt resistance, i. e, with 
all the plugs of the shunt resistance box closed, there should be: 
no deflection of the galvanometér. If there is a deflection in 
this condition, check the plugs of the shunt resistance box for 
looseness. 

Gradually increase the shunt resistance till a deflection of 
three-quarters of the scale is produced. Note this deflection.. 
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Reverse the current and observe the deflection again. The mean 
of the two deflections measures d. 


Bring the resistance box into the circuit with all its plugs 
Pulled out. Adjust the plugs so as to produce the same mean 
deflection d as before. You may find that over a range of values 
of resistance in the box, the deflection practically shows no change. 
In such a case, take the mean of all such values as R. 

Repeat for two other values of d. Take the mean of the 
three values of R so obtained. This is the value of X. 


Experimental results ; 
a ac eee ee 


Deflection Xin 
No. of Resistance Shunt ; 
obs, i 


eries Resis ohms 
stance 
Direct | Reversed | Mean 


is 


h 


Mean X=------ohms. 
the unkwon high resistance=-+---ohms. 


When the deflections for X and Rare slightly different, 
resistances remaining the same, we may take i 
Tesistance to be inversely proportional to the deflections if 3 i 
Tesistance of the shunted galyanometer is negligible compared wit 
XorR. n Such a case, if d and d’ are the deflections for X and 
*espectively, we shall have 


We X=Rd'/d. 
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9-11. To measure a high resistance by deflection method 


For measuring a resistance of the order of 10,000 ohms or 
more a simple deflection method (also known as substitution 
methcd ) as described below is used. 

List of apparatus. (1) Unknown high resistance X, (2) 
divided megohm R, (3) shunt resistance box S containing resistances: 
1 to 1000 ohms, (4) galvanometer G (preferably of high resistance); 
(5) cell E, (6) plug type commutator or a Pobl’s commutator 
(B1L:L,B./,/.) with cross-connections removed and (7) connec 
ting wires. 

Theory. In the arrangement shown in Figs 9.11 and 9.12 if 
a known high resistance R is included in the circuit by closing 
the gap between A and C ofa plug type commutator as in Fig. 
9.11 [ or by rolling the rider of the Pohl’s commutator to the left 
as in Fig, 9.12 ], the current Cz flowing through the galvanometert 
is given by 


(9-1.1) 


where R, S, G are the series, shunt and the galvanometer resis- 
tances respectively ; E is e.m f. of the cell; d is the deflection of 
the galvanometer and K is a constant of proportionality. 

Similarly, with the unknown high resistance X in the circuit, 
the galvanometer current C’y is given by 


TAAS” E : 
C= EG: x4 SE < Sse ~ (9-1.2) 
SFG 


where X and S' are the series and shunt resistances respectively 
and d', the galvanometer deflection. As X and R are very high, 


the resistance of the galvanometer or the equivalent resistance of 


the shunted galvanometer SS or nS is negligible compared 


toXorR. Therefore Eq.s 9-11.1 and 9-11.2-reduce to 
ES 
SOLES Cian os 11.3) 
R(S+G) ied F 


Ca 
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» N Y T 9-11.4) 
C's XG) Kå ( 
Dividing Eq. 9-L1.3 by Eq. 9-11.4, we have 
XS(S'+G)_d 
RS'\S+G) a’ 
-pr S(S+G) d 3 9-11.5) 
or, X R SSF T ( 


Thus knowing R, S, S’ and G and measuring dand d', X may 
be determined. 

Again if, X be very large so as to produce a measurable 
deflection even without the shunt S' (ie. S’= ©), the expression for 
X further redces to 

KA RECA = @-116) 
Smead 

Instructions. Arrange your apparatus as shown in Fig. ‘.11 
or 9.12. In the case of a plug type commutator as shown in 
Fig. 9.11, use only one plug to close either the gap between A and 
C or between A and D to bring R or X in the circuit. When a 
Pohl’s commutator, with cross-connections removed is used as in 
Fig. 9-12, R or X is brought in the circuit by tolling the rocker to 
the left or to the right. 

Put X in thecircuit. With zero shunt resistance, î. e, with 
all the plugs of the shunt resistance box closed, there should be no 
deflection of the galvanometer. If there is a deflectiod in this 
condition, check the plugs of the shunt tesistance box for loosenses. 

Gradually increase the shunt resistance till a deflection of 
8 to 12 cms is produced on the scale. Even if using the highest 
resistance available in the shunt box, you find that the deflection 
is still too small, cut out the shunt box (ie., make S'™=% ), so as 
todrive the whole of the main current through the galvanometer. 
Observe the deflection. Reverse the current and observe the 
deflection again. The mean of the two deflections measures d’. 

Put in all the plugs of the shunt box to make its resistance 
zero. Use a suitable known high resistance R ( any value between 
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10,000 and 100,000 ohms), and bring it in circuit. Proceeding in 
a similar ‘manner as before, adjust the shunt resistance so as to 
produce a mean deflection d nearly equal * to the deflection d' 
as observed with X in series. From the set of data thus obtained, 
calculate X either from relation 9-11.5 or from 9-116, if S'= =. 

Varsing S, R and S, obtain at least three sets of readings, 
making d and d' nearly equal in each case. 

Calculate X from each set of teadings. 
Experimental results 2 

Resistance of the given galyanometer (G)=-- ohms. 

Tabulate the data and calculate the result as in Sec. 9-10. 
Oral questions 

1. Why is a P.O. box not used for measuring the resistance in this case ? 


2. Has the substitution method any advanta; 
Measuring such a resistance ? 


3. What is the precision you expect from the substitution method ? 
Answers. 1. 


are used. 


ge over the bridge method when. 


AP. O. box will be too insensitive when such high resistances 


2. The bridge method (as in a P. O, box} 
approximate range 1—10? ohms, 
sensitive enough. 


may be used for resistances in the 
or at most 10* ohms if the galvanometer is 


3. This is determined by the precision in the yalue.of d. 


9-12. To determine the value of J, the mechanical egivalent 
of heat, by Joule’s calorimeter 

List of apparatus. (1) Joule’s calorimeter 3 (2) a suitable Tesist- 
ance for controlling the current from the mains ( R' of Fig, 9,13) 
or a battery ( r of Fig 9.14 ) ; (3) a plug or a switch for starting 
and stopping the current ; (4) voltmeter (V); (5) ammeter (a). 
(6) thermometer, reading to one-fifth of a degree; (7) balance ; 
(8) weight box ; (9) stop-watch ; (10) a quantity of oil of known 
specific heat and (11) connecting wires. 


* It may be shown mathematically that even if d and d’ 


are comparatively large 
but nearly equal, than also 
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Theory. If current I flows through a resistance producing 
a drop of potential V across it then the work (W) done by the 
charge transferred in time t is given by 
W=VIt joules 


Fig. 9.13 Fig. 9.14 


where I and V are measured in amperes and volts and tis in 
seconds. This work appears as heat in the resistor. 


Let the resistance coil be immersed in calorimeter of heat 
capacity w containing m grams of oil of specific heat s. If the 
whole of the heat developed (H) passes into the calorimeter, we 
shall have 

H=(ms+w) 0 cal 
where 0°C is the rise in temperature of the calorimeter and its 
contents.. 

But by the principle of conservation of energy W=JH, where 
J is the mechanical equivalent of heat. 

J= Vit 
H  (ms+w)9 

Thus knowing s and wand measuring other quantities on the 
right-hand side of 9-12.1, J may be determined. 

Instructions. Weigh the calorimeter and stirrer correct to 
Olg. Take a quantity of oil in the calorimeter so that the tesis- 
tance coil may completely dip into it. Weigh the calorimeter 
along with the oil and stirrer. 


joules per cal oe (9-12 1) 
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Arrange your apparatus asshown in Fig, 9.13 or 9.14 as the 


case may be. Take care to connect the voltmeter V and the 


ammeter A in the proper way. Ifthe value of the resistance 


coil R be 4 to 6 ohms (which is generally the case ), adjust R’ so 
that a current of one to two amperes may flow through R. If-a 
battery of 6 volts be used instead of the mains, it may be directly 
connected to R through an ammeter A without any series resis- 
tance R. Keep the thermometer bulb well immersed in the oil 
and reeord the initial temperature of the oil. 
and start the stop-watch simultaneously. 
Continuously stir the liquid and record the readings of the 
voltmeter and the ammeter at intervals of one minute. Allow 
the current to pass until arise in temperature of 6 to 8 degrees 
is observed. Stop the current and the stop-watch simultaneously. 


Continue to stir the liquid and record the maximum temperature. 
attained by the thermometer. 


Experimental results : 


Close the circuit 


Mass of the calorimeter and strrer (m,)=--'gm. 
Mass of cal. +stirrer+oil (m,)=---gm. 
<. Mass of oil taken (m)=m.—m; =. gm. 
Specific heat of the given oil (s)= =- 

Heat capacity of the calorimeter and stirrer (1v)=-+-cal 
Zero error of voltmeter=:+-volt (add/subtract) 

Zero error of ammeter=---amp | add/subtract ) 

Initial temperature of oil (0,)=---°C 


Time Voltmeter 


Ammeter 
reading (V) 


reading (I) 


~A  —e 


1 min 
2 min 
ete. 


Mean V=-=volts ; mean J=--:amp. 
Mean corrected voltmeter reading (V)=---volts. 


Mean corrected ammeter reading (I)=---amperes. 
Final temperature (04) of oil=-+-°C 
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Time during which the current is passed (¢)=---min--secs. 


++-seconds. 
Rise in temperature (0)= 08s — 91.= se 
> Vit 
eae he EDA 

Precautions. (i) The current through the coil should be at 
least 1 to 2 amperes, as otherwise the rate of rise of temperature 
would be too slow and a longer period will be taken to produce 
a given rise in temperature. But if the period is long, beat loss 
due to radiation etc. will increase. As this loss is not taken into 
account, the final result will be too high. 

(ii) The usual precautions for reducing this loss should be 
taken. 

(iii) The thermometer bulb should not touch the coil. If it 
touches, it would indicate a temperature higher tban that of the 
liquid. 

Cooling correction. If it is desired to correct for the loss of 
heat due to the cooling of the calorimeter, the oil may be initially 
cooled as much below the room temperature as the proposed 
rise. The heat gain by radiation during the first half of the rise 
will be compensated by the heat loss during the second half. 


---joules/cal= ---ergs/cal. 


Oral questions 


1, What is meant by the mechanical equivalent of heat ? On what does it 
depend 7? a 

2. Where is work done in this experiment ? Who does this work ? 

3. Define the volt and the coulomb. 

4. Since work is defined as the product ofa force and the distance through 
which its point of application moves, how would you reconcile the work done in this 
case with the definition ? 

5, What is the resistance of your heater ? 

6. Will the value of J that you get increase or decrease if you take the heat 
losses into account ? ` 

T. How do the heat losses occur ? How can ke ti i 
8. Will you prefer sending a S current Ate ne x a cae 
Give reasons. i ee See! 


9. When is J equal to unity ? 
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Answers. 1. When an amount of work W is fully converted into heat prođu- 
cing H heat units, the ratio WIH is a constant quantity and is known as the 
mechanical equivalent of heat (or Joules equivalent). 
on the units in which W and H are measured, 

2. Work is done when the current flows thro: 
battery does work. 

3. (Say from your text book.) 

4. Force x distance is mechanical work, 
has magnitude VIt. 

5. Itis the ratio V/T. (see the voltmeter and 
resistance of the coil.) 

6. During heating, some heat is lost by 
is, therefore, less than that H’ developed. 
is greater than this value, since H< F’, 
value we get will decrease, 

(Without correction for radiation loss 


Its numerical value depends 


ugh the heating resistor. The 


Here the work done is electrical and 
ammeter readings. VJI is the 


radiation. The H that wo measure 
W/H is the true value of J W/H 
So, if we take heat loss into account the 


» We get a rather high value for J.) 
T. Heat loss occurs mainly by radiation, and some by convection and conduc- 


tion, depending on the actual arrangement. A simple way is what has been stated 
under ‘Cooling Correction’ above. 


8. A larger current is 
Hence there will be less heat 
given rise will bo shorter, 


preferred, It will přoduce heating, at a faster rate. 
loss. For given temperature rise, as the time for the 


9. The present international practice is to measure heat in joules since heat 


® form of enargy and the SI unit of energy is the joule. Hence W and H are 
both measured in joules. This makes J=1, 


is 


9-13. The potentiometer and its working principle 

Any arrangement with which a variable and measurable drop 

of potential may be obtained is called a potentiometer. 
Description: The type of apparatus ordinarily used in the 
tl is shown in Fig.9.15. It consists of an even number 
(generally 10) of identical, uniform wires of the same material, 
each one metre long and joined in series by thick copper strips 
at their ends. The wires run parallel to each other over an insu- 


- lating glass plate mounted ona wooden (or plastic ) board. The 
two ends of the series 
A and Bas shown in Fi 
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on a long brass strip. At the ends of this brass strip there are 
two terminals C and D, through any of which connection to the 
jockey may be established. There is a slit cut in the jockey, along 


Fig. 9.15 


which a knife-edge contact can be shifted to any of the poten- 
tiometer wires. Thus by sliding the jockey and shifting the knife- 
edge contact along the slit, any point of any of the wires may be 
brought into contact with the terminal C or D, while the position 
of the point can be read from the metre scale. In one design the 
jockey carries separate knife-edge contact pieces for cach wire. 

Working principle: If two independent potential differences, 
V, and V, in Opposition, are connected in series through a 
galvanometer so as to form a closed circuit and if further no 
current flows through the galvanometer, then by Kirchhoff’s law 
we have V,=/),, 

When a current flows through the potentiometer, a drop of 
Potential is produced between the terminals A and B. By moving 
the jockey along the wires a variable drop of potential is obtained 
between the terminal A and the point of contact with the jockey. 
Tn order to measure an unknown drop of potential V, the terminal 
A and the jockey point are connected across V in opposition 
through a galvanometer to form a closed circuit as shown in 
Fig. 9.16. By adjusting the position of the jockey. a null point 
may be obtained. Then the drop of potential between A and 
the null point N equals V. 

It may b2 mentioned in this connection that a high resistance 
R’, as in Fig. 9.16, is used to protect the galvanometer from 
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accidental heavy current which may flow through it during 
adjustment. But when a null point is obtained, whatever be the 
resistance in the galvanometer circuit, the drop of potential between 
A and N equals V. The series resistance R’ does not in any way 
interfere with the position of the null point, but protects the 
galvanometer from damage. Further, if this resistance R’ is too 
high, then for a slight shift of the jockey on either side of the null 


Fig. 9.16 


point, no readable deflection will be produczd, as the current 
may be too small. The arranement, then, becomes insensitive. 
To provide both protection and sensitivity use a high protective 
resistance and find a rough value of th2 null point ; then cut out 
the protective resistance and find the null point accurately. 

As the potentiometer wire is uniform throughout, the drop 
of potential per unit length of the wire is constant. Let it bee. 
Tf l is the length of wire between A and the null point N, then 

V=el. 


The drop of potential per unit length of the potentiometer 
‘wire may be determined by any of the following methods : 

Method I: Tf iis the current in amperes which flows through 
the potentiometer wire, Rp is the resistance. of the potentiometer 


and n is the number of wires (each onz metre long ) in the 
potentiometer, then 
e= IRo 


1007 volt per cm. 


Knowingi, R, and n, e may be calculated. 
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Method II: If we do not know the current i but know the 
em.f. E of the driver cell and the resistance Ry in series with the 
driver cell, then 

i=E/(Ry+R,) and 
e= E Ry 
Rp +R 100n 

Method III: e may also be determined by balancing a known 
potential difference V, across a length lı of the wires, In that 
case e=),/I,. 

From what has been said it is evident that the drop of poten- 
tial to be measured must be less than the total drop of potential 
between the end terminals A and B ; otherwise the method fails. 


9-14. To compare the ems of two cells with 
the help of a potentiometer 

Theory. IfI be the current in amperes flowing through a 
Botentiometer of length L cm and resistance R ohms, then the 
Potential drop per cm. of the wire is IR/L volts. 

Now if, the e.m f. (E,) of the first cell is balanced on a length 
la of the potentiometer wire, and the e.m.f. (Es) of the second cell 
is balanced on a length 1, of the potentiometer wire, 


it! 
then z= and E,= Rls whence emi 


List of apparatus. (1) A potentiometer (AB; Fig. 9.17) ; (2). 
lead storage cell (E) to drive current through potentiometer ; 
its em.f. must be greater than the e.m-f. of either of the two cells 
{E,,E,) to be compared ( E, and Ea may bea Leclanche and a 
Daniell cell ); (3) resistance in the form of rheostat (Rh) to be put 
in series with the potentiometer; (4) a plug-key and a two-way 
key ; (5) two cells (Ea, Z.) whose e.mf,’s are.to be compared ; 
(6) Salvanometer ; (7) high resistance R’ (about 10,090 ohms ) 
to be put in series with the galyanometer, (8) connecting wires. 

Instructions. Connect as in Fig. 9.17. The positive terminals 
of all these cells must be connected to the same terminal A of the 
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potentiometer. E, and Es may be connected at will to the 
galvanometer through a two-way key. Bring Ez into circuit. 


t—e G 


Fig. 9.17 


With no resistance in Rh and maximum resistance in R' establish 
momentary contact with the Jockey first near one end and then 
near the other end of the potentiometer. If the connections have 
been correctly made and E is greater than Ey, the deflection in the 
two cases will be on opposite sides, failing which the defect must 
be traced and remedied. After having got deflection on opposite 
sides, obtain approximate null points for E, and Es» thus finding. 
which of them has higher e.m.f. keep this one in circuit and adjust 
the resistance of the rheostat so that a null point is obtained near 
the middle of the last wire. Find the approximate null point. Cut 
the resistance R’ and secure the exact null point. 

Now bring the other cell (the one of lower e.m.f ) into the 
circuit (by changing the plugin the two-way key ). Find the 
exact null point without making any change in Rh. 

Reduce the value of the resistance in the rheostat till this 
null point shifts to about the middle of the next lower wire, 
Secure the exact null points for both the cells ( E, and Es) without 
altering this new value in Rh. Reprat the observations witha 
still lower value of the resistance in Rh and thus secure three sets 


of null points for three different values of current through the 
potentiometer, 
af 
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Experimental results : 


Sates ‘Total length 
N ts 8 
Cell in alt yon ___ of the pot. 
e ; BEN 
No. of the Mean wire for == 
obs. circuit On Scale ing | balance E, l 
wire reading Sc. reading | in em 
no. in in cm 
cm i 
3 izi | 
i 
E MTE i 
Zi 10th ce | 6) 
4 ue al RRR o 
--(la) 
E, 
E, 9th nee = 
2. 
B, | 
= Coal, = | 
| 
ete. | 
\ 


eae if sca et ade pel tl le ao E Beal 

Precautions. (1) The potentiometer wire must be of uniform 
cross-section. (2) The em.f. of the cells to be compared must 
be smaller than the e.m.f. of the driver cell. (3) The driver cell 
should not run down. 

End error: For greater accuracy end-error is to be-taken into 
consideration. To determire the end-error (¢) connect the two 
cells in series. Find a balance point corresponding to an em-f. 
(E+E). Let the balance be obtained at lengdi ls from A. Let 
lı and 7s be the corresponding balance points with E, and E; 
respectively. 


IR 
Then, E, =+), B= C+; B+ B= Ctl y- 
ehh +etla=etls este =l =le 
For this part of the experiment take E as a battery of two lead 
storage cells connected in series, for the e.m-f. E of the driver cell 


must be greater than (E, +E 2). 
21 . 
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Note: Em-f of a lead storage cell is 2 volts, of a Leclanche 
cell 15 volts and of a Daniell cell about 1°08 volts With 
resistance in Rh cut out to zero va'ue, the p.d between the terminals 
of the potentiometer i; practically 2 volts. So, in this condition a 
Leclanche cell will be balanced on about three-fourths of the 
total length of wire ( i.e. nearly 750 cm of wire or abou: the middle 
of the wire from A). The Daniell cell reach somewhere on the 
“sixth wire. As resistance in Rh increases, null points shift to 
longer distances from A. 


Oral questions. 

1. Which is the driver cell ? What is its function ? Trace the current from 
ébe driver cell through the potentiomoter back to tho cell. 

2. How does increasing the resistance in the 


rheostat alter the Pp. d across tha 
potentiometer ? 


8. Does a current flow through E, or E, when it is balanced ? “hrough the 
driver cell » 

4. When E, is balanced, consider the mesh cantaining E,, the griveanometer 
and the corresponding balancing length AN of the potentiometer and apply 
kirchhoff’s second law to it. What do you find? Does tho resistance in series 
with the galvanomator affect the position of the null point ? 
Answers, 


1. Bin fig . 9.17. To create 


a potential drop across the potentiometer wire. 
Show by arrow. 


2. P.d. decreases. 
+3. No. Yes, 


e 4. Ist part do yourself. No ; it will not affect 


the position of the null point 
The sensitivity of the galvanomoter decreases. 


9-15. To measure the e. m. 


É of a cell (a potentiometer of 
known resistance and a milliam 


meter being provided ) 

List of apparatus. (1) A Potentiometer (AB; Fig, 9.18) of 
“known resistance ; (2) battery (E) e.m.f. of which must be greater 
than E’, the em.f. to be measured ; (3) milliammeter (m.a.) of 

Tange up to 100 or 150 milliamp2res ; (4) resistance Rh to be put 

‘in Series with the Potentiometer (it may ba a theostat of value 20 
ohms or so with a good sliding contact or a resistance box); (5) 


J 
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plug key ; (6) cell (E'), em of which is to be measured av 
galvanometer ; (8) high resistance R’ of value 5000 to 10,000 ohms 
to be used in series with the galvanometer. ; 

Theory. Ifibe the current in amperes flowing “hroughia 
potentiometer consisting of a uniform wire of length gone 
metres and resistance R, ohms the potential drop per centimetre 
« pee em.f, E’ be balanced ona length lof the poten- 
tiometer wire, then E’ is given by 

E’=iR,I/L volts. 0 

Instructions. Connect as shown in Fig. 9.18. The ee 

terminals of both E and E’ ate connected to the same terminal 


a) 


= 

ZR 

+ 
j 


™“, 


z 


(as 


HC Rh 


Fig. 9.18 
A of the Potentiometer. With no resistance in Rh and maximum 
Tesistance in R’ establish momentary contacts of the jockey first 
Rear one end of the potentiometer and then neat the other. If 
the connections have been correctly made and E is greater es 
E’, the deflections in the two cases will be on opposite sides, 
failing which the defect must be traced and remedied. gee : 
After having Sot deflections on opposite sides: adjust ie 
tesistance of the theostat so that a null point is obtained Ss SAS 
middle of the last wire. Find the approximate null point. Cut out 
the resistance R' and secure the exact null poiat (See Sec. 9-13). 
Read the Corresponding value of the current in the milliammeter. 
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settings of the theostat Rh, Record as follows : 


Experimental Tesults : 


emi 
Total Tesistance of the Potentiometer (R,)= ohm 
Zero error of the milliammeter= “milliamp 


(to be added/subtracted) 


‘amp. 
Corrected 


Null point | B i 
s ti current in ia ee 1 Mean =iRgll 
Current in ampere Beit at (metro l | | 
am () an Scale i 
i reading ) Í aa 
| 
REA s | | 
R he 0 a | | 
ete, ete. ete, | | 
the | 
Mean E'm. 
the emf. of the given cell=+-volts | 
| 
ah 
Note. When you get the: null point with R,=0 you © 
calculate E’. Th i 


E-E ab 
SO as still to geta null point is TER, E for a lead stof 
t 
cell is 2 volts êPproximately when fully charged R, for 4 yê 
wire Potentiometer 1s about 20 ohms or so. 


If Rh is given a V% 
: pol 
the null Point goes beyond the 
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tiometer. Further remember that if E is less than E’, the experi- 
ment fails and a null Point cannot be obtained. (See Sec. 9.13.) 

[ For write-up of the “Method followed”, consult the last 
experiment (Sec. 9-14). The drop of potential Ber sconemetre 
=Potentiometer Tesistance R,XCurrent through it in amperes 
(as obtained from the milliammeter) divided by the total length of 


the potentiometer wires. Sze Method (i), Sec. 9-13, ] 
Precautions ; Same as 9-14. 


Oral questions 
What do you mean by the te 
2. What is the difference betwo 


3 


i tin e.m.f, of a cell ? 


en an e.m.f. and a potential difference ? f 
Instead of using a voltmeter, why do you use this method for determining 
the emf, of a cell ? Which of them is better and why ? 

4. Ifinstead of a milliammeter a standard cell is supplied to you, can you 
determine the em.f. of the unknown cell ? If so, how ? be? 
5. What is the function of the resistance R'in series with the galvanomei 
Does the null Point depond on its value ? iment? 

6. What is the fundamental condition for the success of your experiment ? 
Whon does the method fail » 

7. What happens if the 
terminal of the potentiometer 2 

Answers, 1, 


negative terminal of E’ be connected to the positive 


f ? en the 
The em. of a cell is the potential difference between 


hen unit charge 
terminals of the cell in pen circuit. It is the work the cell does whe 
(a coulomb) flows round the circuit, 


3 st of some form 
2 An emf. gives a charge a higher potential energy at tho cost o 


* than electrical. Ina chemical cell, chemical energy te es r 
ical energy of the charge, If, in some part of a see, some for: 
®norgy is converted into the electrical form, an e.m.f. is said to exist shore lectrical 
A potential diference is said to exist in apart of circuit in which elect 
rted into some other form of energy. 


= 


em. f, 
Some form of energy os electrical form. 
p.d. 


i rely a question 
3. Tt is an exercise in the use of a potentiometer. If it were merely a q 
of measuring a p.d. we Could use a potentiometer. 
ter or volimeter 
The precision of the Measurement depends on that of the amme 


an i i e 
used, Tf both could be reag with the same precision, there is nothing to choos: 
etwoen the two, 


326 PRACTICAL PHYSICS 


4, Keeping other things unaltered, we replace the cell under investigation by 
the standard cell. The ratio of the two balancing lengths is also the ratio of the 
corresponding e.m.f.s. 

5. R protects the galyanometer from being ruined by a large current flowing 
through it. The position of the null point does not depend on the value of R’. 

6. The fundamental condition to be satisfied for the success of the experiment 
is that the e.m.j. E of the driver cell must be greater than the e.m.f. E’ io be 
measured. If E'> E, the method fails. 

T. There will be no null point, as both cells will be driving current through 
the galvanometer in the same direction. 


9-16. To measure a current with a potentiometer using 
known low resistance. 

la) When a voltmeter is given 

Theory. When a current I flows through a resistance R, the 
potential difference between the terminals of the resistance is RL 
This p.d. can be balanced on a potentiometer. If the length 
required for balance is / and e is the potential drop per centimetre 
of the potentiometer wire, then 

RI=le or I=le/R. = (9-16.1) 

If e.m.f. of the driver cell is E, and R, is the resistance of the 
potentiometer and Ry is the series resistance connected to it, then 
EASE R 
“RR, T000 ee. (9-16.2) 
for a ten wire potentiometer, each wire one metre long.* 


e 


*This method of finding the potential drop per centimetre is preferred for the 

following reasons ¢ 
In ordinary circumstances a laboratory will not arrange for a current of over 
an ampere to be measured in this way ; the current is more likely to be lower, say 
0'5 amp, to avoid running down of the storage cell used for providing this current. 
The standard low resistance is likely to be 0'1 ohm or less, preferably not higher, a3 
it then rather ceases to be low. With 0'5 amp passing through 0°1 ohm, the voltage 
across the standard resistance is 0'5 x 0'1=005 volt. The driver cell ( ordinary è 
lead storage cell ) provides a p.d: of 2 volts across the potentiometer unless there is a 
Series resistance, Thus the balancing length will be 0'05+(21000)=25 cm or 50. 
hes A Cn Wits; the pa current should be reduced to about 
tory hee ale a te yi This eae anion of series resistance of the order of 
onieter resistance. Since potentiometer resistances are around 


mi 
20 oh: i 9 
ms, a resistance box having 500 to 1000 ohms will be useful. 
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Combining 9-16.1 and 9-16.2 we can get I. 
List of apparatus. (1). Potentiometer (AB; Fig 9.19) ; (2) 
driver cell E (a lead storage cell) ; (3) a resistance box to be used 


© z 
IOa 


Ohaa O 
Ta 


Fig, 9.19 


| AB=potentiometer ; E=driver cell: Rp =resistance box in series with 
potontiometes ; G=galyanometer , R!=resistance for Protecting galvanometer ; I= 
eurrent to be measured; R=standard resistance, P}, P, =potential leads of 
standard resistance, ] 
in the potentiometer circuit (a box with about 1000 ohms 
Preferred) ; (4) key (to be used in the potentiometer circuit) ; (5) 
galvanometer (G) ; (6) high resistance R’ to be used in series with 
the galvanometer (value 5000 to 10,000 ohms); (7) a known low 
resistance (R) (one with potential leads preferred) ; (8) battery 
({E), key, resistance (r) etc. for auxiliary circuit, the current I 
through which is to be measured. 

[If the circuit in which the current is to be measured is not 
given, make up one with the following apparatus : (1) battery E’ 
( two lead storage cells ); (2) the standard resistance R (of value 
0'1 ohm or so), (3) a rheostat or resistance box y (use a low value 
of resistance, say 20 ohms or less ), and (4) plug key. ] 

Instructions. First find the Tesistanc 
with a P.O. box. Then connect as sho 
Positive potential lead P, of R must be dir, 
Positive terminal of the potentiometer, 


e of the Potentiometer 
wn in Fig. 910, The 
ectly connected to the 
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Ascertain the values of the standard resistance, and of the 
e.m f. of the driver cell in closed circuit. Record them. 

Put full value of resistance R' and zero value in R, and close 
both circuits. Connect the jockey to a point close to A and 
gradually move it away till a rough null point is obtained. Note 
the balancing length and find what fraction it is of 1000 cm. If 
this fraction is I/n, calculate the value of the integer nearest to 
n—1, but on the lower side. Let m be this integer. Put in R, a 
resistance equal to mR». This will take the null point to the 
tenth wire. Find it exactly by reducing R’ to zero. For the same 
value of R, take three independent readings of the null point. 

Reduce the resistance in Ry so that the null point shifts to 
the middle of the ninth wire, and find the exact null point, taking 
three readings as before. 

If time allows, get the null point on the eighth wire, and repeat. 

Note the e.m.f. of the driver cell again in closed circuit. 
Experimental results : 

Resistance Rp of the potentiometer ( using P O. box ). 


r n Resistance R Direction G 
i ao] in rheostat arm of deflection STONE 
10:40 Rp lies 
between 
Right «and 
Left -ohms 
100 ; 10 
1000 : 10 
R =ohm 


Ena ON de ee 


Em of the driver cell (E) ( to be read to two decimal places ): 
G) Before experiment=------ 


Gi) Afer experiment=-=:--- 


Mean=::: --- volts 
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Value of the given standard resistance (R)=--- -+ ohm. ; 
Potentiometer resistance (Rp)=--""-ohm (as determined with 
a P.O. box’. 


| E PERES 
z length (l 
No. of Rp Rp s Ry+Rp | ength( I=} 
ge gto 000 l mean 
l | 
| (i) | 
1. (ii) 
(iii) 
| 
2, | e wee 
geal | z 
*. Mean value of I=-----amp. 


[ Note: Old storage cells often run down during work, parti- 
cularly when a sizable current is drawn from them as in the 
auxiliary circuit. In such a case I will show a fall off with time. ] 


Method followed. ( A brief statement ) 


1. The resistance of the potentiometer was determined with 
a P.O. box. 

2. The potentiometer circuit for measuring current was set 
up as shown in the circuit diagram ( Fig. 9.19 ). The em.f. of the 
driver cell and the value of the standard resistance were noted. 

3. By trial, the nw point was brought to the middle of the 
10th wire. This required putting--ohms in Rẹ The null point 
was carefully determined. 

4. By changing the resistance in Ry, the null point was shifted 
to the 9th and 8th wire, and the null points noted again. 


5. From the data so secured the unknown value of the current 
was calculated. 


(b) When a milliammeter is given 
Theory. When a current I flows through a resistance R, the 
potential difference between the terminals of the r 


3 esistance is RJ. 
This p.d. can be balanced on a potentimeter. If the length required 
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for balance is l and e is the potential drop per centimetre of the 
potentiometer wire then 

RI=le or I=le/R ih (916:1) 
If the current through the driver cell is i, and Rp is the resistance 
of the potentiometer, then 


Soa - (9-16.2) 
= T0008 
for a ten wire potentiometer, each wire one metre long. 
Combining 9-16.1 and 9-15.2 we get 


— iR,l ots 9-16.3) 
T= 7000R ( 

List of apparatus, Same as (a) except item (3) In item (3) 
you write, a milliammeter ( 0-200 mA range ) and a rheostat. 


Instructions. First find the resistance of the potentiometer 
with a P.O. boz. Then connect as shown in Fig 9,20. The positive 


terminal lead Pi of R must be directly connected to the positive 


terminal of the Potentiometer. Ascertain the value of the standard 
resistance and record it. 


Fig. 9.20 
AB= potentiometer ; E=driyer cell; 
m=milliamemter for measuring potenti 


Rh—rheostat in series with potentiometer ; 


iometer current; G=galvanometer R= 
resistance tor Protecting galvanometer - 


: E=current to be measured 3 R=standarā 
resistance ; ox BS = Potential leads of standard resistance. 
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Put full values of resistance R’ and zero value in R, and close 
both circuit. Connect the jockey to a point close to A and 
gradually move it away till a rough null point is obtained. 
Gradually increase the resistance Rh untill you get the nul! point 
to the middle of the tenth wire. Find it exactly by reducing R’ to 
zero. For the same value of Rh take three independent readings of 
the null point. 

Reduce the resistance Rh so that the null point shifts to the 
middle of the ninth wire, and find the exact null point, taking 
three readings as before. 

If time allows get the null point on the eighth wire, and repeat. 


Experimental results. 
Resistance Ry of potentiometer ( using P.O. box ). 
Record astin (a) 


value of the given standard resistance aoe --ohms, 
{ 


F 1 
Current Null points -iR Mean 
5 ô) i y | I 
a Oia On wire : | Sc.-read- | Mean 10008 in 
hee no, ing in Se. read- am amp, 
cm ing in em aay ap 
\ 5 
aD Tal | 
1. ase 10th 
Ia E OM 
on | 
2; tee 9th see | ee ase | ose 
—_— 5 \ = 
| 
8. 8th | e | 
i li ERY | 


sa 


Mean value of I=- amp. 
Method followed. 


1. The resistance of the potentiometer was determined with 


a P.O. box and the value of the standard resistance Was noted 
2. The circuit was constructed as shown in a 


P the circui 
diagram. cut 
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3. By trial the null point was brought to the middle of the 


10th wire. The milliammeter reading and the null point were 
carefully noted. 


4. By changing the resistance is Rh, the null point was 
shifted to the 9th and 8th wire, and the null points noted again. 

5. From the data so secured the unknown value of the current 
was caculated. 

Precautions. Same as 9-14. 


Oral questions 


1. What is an electric current ? 
2. What are the units in which it may be measured ? How are they related 7 


3. Since a current may be measured by an ammeter, why do you follow this 
method of measurement ? 


4. What is a potentiometer? State briefly the principle of the potentiometer. 


In this experiment are you mearuring a current or a p. d. ? 


5. Why are potential leads provided with a standard resistance ? 


6. Ifthe standard resistance were larger tban what you are using, would 


Rp have to be increasd or diminished to get the null points at the same places ? 


7. In what other ways can you find the drop of potential per centimetre of 


the potentiometer wires ? Would any of them be more accurate than this method 7 


Oan you explain why you have chosen this method of measuring the drop 7 


Answers. 1 An electric current in a wire isa one-way flow of the freo 
electrons in it. 

2. The SI unit is the ampere. 
{e.m.u.) with no special name, 
1 e.m.n.=10 amperes. 


3. This method can give a more precise value than an ammeter, 
4. See 8ec. 8-7. 


There was an absolute elecromagnetic unit 
Sometimes it was referred toas tho abampere. 


A potentiometer always measures a p- d. Tf this p.d. is an 

Tr drop, T can be found when r is known and vice versa, 

5. Whe resistance between these two leads has the specified value, 

6. In this Ir drop, if r increases the drop will also increase, 

“drop per centimetre has to be increased to got the null points at tl 
This means that the current through the potentiometer should be i 
the resistance in Series with the potentiometer must be reduced, 

T. See ond of Sec. 8-7, Using a standard cell ( 


ethod THI of that section ) is the most accurate, 
The present method is 
measuring the p. d. 


80 the potential 
he same places, 
ncreased. Hence 


us of accurately known o.m.f, ; 
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9-17. To plot the em f.—temperature curve fora thermo- 
couple and hence to determine thermoelectric power 

Theory. (i) E.m.£.—temp. curve. When one junction of a 
thermocouple is kept at a constant temperature tı and the other 
junction is heated to a higher temperature ts ane.m.f. actstound 
the circuit, The direction of the e.m.f. depends on the pair of 
metals used and the temperatures of the junctions. 

The emf. so developed may be measured by balancing it 
against a potential drop which can be calculated. 


Fig. 9.21 


In the arrangent as shown in Fig. 9.21, E is the em. in 
volts of the driver cell in the potentiometer circuit, R, is the 
resistance in series with the potentiometer and Ry is the resistance 
of the potentiometer formed of a uniform wire of length L. The 
drop of potential e per unit length of the Potentiometer is 
given by 
i eM, RS 

RFR; L 

I£ I is the length of the potentiometer wire against which the 

thermo-e.m.f. E' is balanced, then 


e e. (9-17.1) 


Renea E | Rs, 
3 le Re FR, Tl (9-17.2) 
s By varying the temperature t, of the hot junction and measur- 
ing the corresponding e.m £ a curve may be plotted with th 
e 


temperature of the hot junctio A 
n as abscissa and ¢ 
ordinate. hermo-e.m f. as 
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(ii) Thermoelectric power. To determine the thermoelectric 
power dE/dT for the given pair of metals at a temperature T°C, 
draw a tangent to the curveat the point corresponding to the 
temperature T°C of the hot junction. Measure the ordinate and 
the intercept on the x-axis between the foot of the ordinate and 
the point at which the tangent intersects the temperature axis. 
The value of the ordinate divided by that of the intercept 
measures dE/dT at T°C. 


Alternatively, measure a distance dT=+2° or +3° about T° 
on the graph and find the corresponding dE values from the graph. 
Take the mean of the dE/dT values so obtained as the thermo- 
electric power at T°C. 

If the e.m-f. is measured in micro-volts and the temperature in 
°C then dE/dT will be obtained in micro-volts per °C. 


List of apparatus. Thermocouple (to be supplied) ; powdered 
ice in a large funnel (C, Fig. 9.21) or, better, powdered ice ina 
thermoflask ; water bath (for the hot junction ; D. Fig. 9.21); 
resistance boxes R and R’, both of high value; a storage cell (E); 


key (K) ; volt-sensitiye galvanometer (G) ; thermometer (preferably 
vo or degree). i 


Instructions. . Prepare the thermo-couple*. Determine the 
resistance Rp of the potentiometer by means of a P.O. box. 


Arrange your apparatus as shown in Fig. 9.21. The junction 
Cis placed in a bath of melting ice. The other junction D is 
*Ordinarily a copper-constantan ora copper-iron thermocouple is used for the 
experiment, To prepare a thermocouple, take three pieces of wire, one of constantan 
or iron and the other two of copper, each about one metro long. Clean the ends and 
join one end of each of the copper wires to the ends of the constantan wire by 
twisting and then soldering the junctions with the minimum amount of solder. The 
Junctions should be small, preferably not more than 2 or 3 mm in length, Introduce 


the copper wires through two thin glass tubes, each abont 10 inches long, and allow 
them to rest near the junctions, 


This ensures that the motals forming the couple 
will not touch each other at any 


point other than the junctions, 
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Placed in a fairly large beaker containing water. A sensitive 
thermometer ( preferably reading to 1/10th of a degree ) is placed 
in the water bath with its bulb very close to the junction. The 
junctions should be kept fixed in the baths by means of separate 
clamps and be so Placed as to give them equal cover of the bath 
material on all sides. 

Measure the em. E of the driver cell by means of an 
accurate voltmeter correct to 2 decimal places. Ascertain whether 
there is any zero error of the voltmeter. 

The drop of potential to be measured does not ordinarily exceed 
a few thousand micto-volts. To avoid unnecessary calculations, 
it is convenient to arrange for a drop of potential of 10 or 5 micro- 
volts per centimetre length of the potentiometer. 

This may be easily done by introducing the necessary resistance 
Ra in series with the potentiometer. The required value of R, 
may be calculated from Eq. 9-17.1 by substituting the values of E 
and R, and putting e equal to 107" or 5X 107° volt. 

To check whether similar poles of the driver cell and the 
thermocouple have been connected together, make a momentary 
Contact of the jockey first at one end of the potentiometer wire 
and then at the other end. If the deflection of the galvanometer 
9n both occasions is in the same direction reverse the polarity of 
the driver cell. For a Copper-constantan couple; copper is positive 
atthe hot junction. For a copper-iron couple, iron is positive at 
the hot junction. 

Note the null point when the hot junction is in the water bath 
at the room-temperature. Raise the temperature of the bath by 
steps of 8 to 10°G, hold it constant for at least two minutes and 
note the corresponding null Point. In this manner proceed as far 
as you can, but don’t have the juuction in boiling water. Use a 

` bypsometer instead. 

Make sure that the co'd junction remains at the temperature 
of melting ice throughout the experiment. Heat carried by the 


Conducting wires melts the ice round the cold junction, forming 
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an air pocket round it. The temperature of the cold junction 
therefore increases. To prevent it pierce the ice bath from time 


to time with a glass rod and press the powdered ice. As ice melts, 
put more powdered ice on the top. 


Draw a graph with temperature of the hot junction as abscissa 
and the corresponding e. m. f. as ordinate. Mention the tempera- 
ture of the cold junction on the grapb. The curve will pass 
through a point on the x-axis coresponding to the temperature of 
the cold junction. 

Thermoelectric power. If time permits take four or five 
readings at intervals of 2° or 3°C near about the temperature of 
the hot junction at which the thermo-electric power is to be 


determined. Take care to keep the water bath constantly stirred 
when observing the null points. 


Draw a tangent to the curve at the Point corresponding to the 


o en Es 
temp. T°C at which E isto be determined. Find oe at TC 
from the graph. 


Experimental results : 


Resistance R, of the Potentiometer=---ohms 


( The value may be supplied by the laboratory. If not, deter- 
mine it with a P.O, box, recording the observation briefly. ) 

Zero error of volt meter=nil (or-+:V to be added / subtracted ) 

E.m.f. of the driver cell=-~-volts ( to 3 significant digits ) 

(corrected value if there is zero error) 
Box resistance R, to get a drop of 10#A/cm of bridge wire 
=---ohms. 

(Find this value by calculation. 

left page.) 


Temperature of cold junction=~-°C, 


ge is room temperature, check it every 10 minutes and 
record, 


Show the calculation on the 
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E.m £-temperature record : 


Graph: A graph was drawn with temp. along the x-axis and 
emf (in 4V) along the y-axis. The origin represents the temp. of : 
the cold junction. 

Thermo-electric power. (Draw the tangent to the curve, at 
the temperature at which the thermo-electric power is to be deter- 
Mined. Find the slope of the tangent line. This slope is the 
Value of the thermoelectric’ power at the temp. at which the 
tangent was drawn.) 

From the tangent to curve at---°C, the thermoelectric power at 
that temp.=.-..uV/---°C. 

Method followed: (A brief statement ) 

l. The circuit was constructed as shown in the circuit 
diagram. 

2. The resistance of the potentiometer was determined with a 
PO. box, 

3. The e.m.f. of the driver cell was noted. A resistance of 
“Ohms Was put in series with the potentiometer to give a poten 
a drop of 10 #V/cm along the potentiometer wires. 

The cold junction was placed in melting ice bath/at room 
temperature. ; 

5. The polarity of the thermojunction was tested and the right 
Connections made. 

a 61 The temp. of the hot bath was- increased by steps of about 
à ~ At each value the temp. was held constant for about 2 
Minutes ang the balance point obtained. The balancing lengths 

oe Converted into “V. 

2 
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7. The e.m.ftemp. curve was drawn from the data obtained. 
Precautions. 1. The circuit must be protected agsinst heat 
from the burner. However well-shielded the burner may be, there 
is a great risk of undesired thermo-e.mf. appearing in the circuit. 
To eliminate the effect follow the instruction given ir Sec. 9-1(9). 
2. If the cold junction is to be kept at the room temperatures 
place it in a large beaker of water. Test the temperature of the 
water periodically. If it changes, complications will arise in your 
work. In such a case, draw the curve of: emf. against difference 
of temp. of the two junctions, (But this is not Proper. Try to 
keep the cold junction at a constant temperature. If need be, mix 
a little cold water in case the temperature rises ) 


(Oral questions 


1. What is the p.d. per mm of the potentiometer wire 9 Why have you preferred 
this value ? 


2. What is the order of magnitude of the e.m.f. yon are measuring ? Can 8 
voltmeter be used ? 

8. Should all the 
diameter ? 


wires of the potentiometer be the same material and 


4. What kind of galyanometer would you prefer for this work and why ? 


5. What kind of thermocouple would you prefer for this work ? Why? 


Answers. 


1. I have arranged for a drop of 14 Vjmm along the wires. This is a convenient 
value, both for practical purpose of caleulation. 


2. The maximum e.m.f. to be measured is of the order of 2-8 thousand 


microvolts at the most. It depends on the metals of the couple, 
A Voltmeter is not Suitable. (A microyoltmeter has to be an electrostatic one.) 
3. Yes, we want a nniform drop of potential along the wires, 


So the resistance 
ber cm must be the same throught. 


4. A yolt-sensitive galvanometer, that is, one with an appreciable deflection 
when a small p.d. is applied to its terminals, (See Sec. 8-2. 6.) 
5. A copper-iron or a copper-constantan thermocouple, 
thermoelectric power of about 54 #V/°C between 0° 
fatter is about 40“-V/20 


The former: has 2- 


and 100°C, The value for the 
in the same range, 


ICS 
CHAPTER 10 ELECT ROW! 


10-1. Thermionic emission : Diodes and Triodes, oe 

Electron emission from a heated metal surface is very similar 
to the evaporation of a liquid from its surface. When la liquid is 
heated, an increasing number of molecules acquire sufficient energy 
to overcome the attractive force of the liquid surface and Qi 
evaporated. The number of evaporating molecules increases zand 
with rising temperature. Similaly, when a metallic body is Henia 
an increasingly larger number of electrons overcome the retaining 
forces at the metal surface and are “boiled off” from the metal, 

The number of electrons evaporated per unit area per seooud 
from a metal surface depends on the nature of the surface and its 
temperature, The:relation between the emission current I per 
unit area and the absolute temperature T (kelvin) is given by 
Richardson's equation, namely, 

I=AT? exp (—b/T) g 
where A is a constant for the emitting surface, different for 
different emitters. bisa sort of a measure of the work an ats 
must do in escaping from the emitter surface. For oxides pir 
emitters, A is of the order of 0'01 (amp. per cm* per deg.*) an 
is about 12,000 K (kelvin). Oxide coated cathodes (barium. 
Strontium oxide) are Operated at about 1000 to 1150 K, 

Methods of heating. 
Electron emitters are 
heated elctrically either 
direcly or indirectly, In 
the direct method, electric 
current is -applied to a 
filament” wire which 
Serves as emitter. In Fig. 102 
indirect heating, electric 


i laced inside a 
current is applied to @ separate heater element, p 


ied 
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cylindrical cathode that serves as emitter (Fig, 10.1). Indirectly 
heated cathodes use oxide-coated emitters, 


10-2. Diode. A diode consists of a cathode; which serves as 
an emitter of electrons, and a plate or anode surrounding the 
cathode. It acts as collector of electrons. Both electrodes are 
placed ina higly evacuated envelope of glass (or metal). The 
plate is generally a hollow metallic cylinder made of nickel, irons 
molybdenum, etc. 

Action. When the filament of a valve: is heated it emits 
electrons, which gather around it. This atmosphere of electrons 
gathered around the filament is called the space charge, The 
density of electrons forming the space charge goes on increasing 
gradually. But due to repulsion between like charges, some of 
the electrons are sent back into the filament. As the space 
charge increases, the number of electrons sent back into the 
filament also increases, until a dynamical equilibrium is finally 


established when the number of electrons emitted equals the 
number returned, 


Now, imagine a small Positive potential to be applied to the 
Plate. In this condition an“ electron current flows from the | 
cathode to the plate (i.e., the conventional current flows from the | 
Plate to ‘the cathode). The value ot the current is determined by 
the anode-potential as well as the space charge. 


As the anode-potential is gradually increased, the anode or 
plate-current also increases until at a particular high anode poten- 
tial all the electrons emitted by the filament are collected. by the 
anode as fast as they are Produced, leaving none to form the space 
charge. On further increasing the anode-potential the anode | 
current does not increase any further, and is said to have reached | 
the saturation value. The saturation value of the current depends | 
only on the temperature of the filament and not on the anode potential- 


An increase of temperature (ie. of the current which heats the’ 
filament ) increases the saturation current. 
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In oxide-coated cathodes we do not seek to get the amon 
current. This current is so large that in trying to draw it, the 

ide-coat will be damaged. 
fe = sete PA The relation between the 
Dlate-current in a diode and the plate-to-cathode voltae can be 
represented by a characteristic curve, obtained by Plotting the 
Plate-current (Ia) values for different values of the ie a agate 
(Va). The diode characteristics for atypical diode tube and 
various Cathode Operating temperatures (which are controlled by 
the filament heating currents) ate shown in Fig. 10.2. 

Note that all the curves 5 
are the same at low plate- 
Voltages. Here the Negative 


ms 
SPace charge is Most effective & 10; 
in limiting the flow of 
electrons, The Plate-current a 
at this Stage is completely Sis 
controlled by the plate- Š 
voltage, and is independent of R 


the emitter (cathode) tempera- 
ture. Here the plate-current 


38 said to be space-charge Fig: 10.2 
limited, 


Oo 10 20 3% 40 SO 
PLATE VOLTAGE, Yg 


erating temperature, 
[Diode characteristic Ta-Vq curves. aae ase Aira The curyes are 
curve 2 at, medinm ana curye 8 at high operating tempera 

for an Oxide~coateg cathode, ] 


to 
As the Plate-voltage is increased, more electons are said ts 
the plate and the Plate-current increases. The E the 
is gradually. flattened with increase in plate-voltage. f collec- 
Tate of emission of electrons becomes equal 2 ie Ea 5 of the 
tion by the Plate, the Plate-current becomes apen S i 
plate-voltage, This cetrent is called the saturation curren i 

 €mission-limited and exists only in the high eee ae 
For tungsten and- thoriateg tuagsten emitters, Saturation ane 
Place at relatively low Plate-voltages as. their emission, controlle 
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by Richardson’s equation, is rather low. Oxide coated emitters 
do not have such a specific emission Saturation value. The plate 
current, though tapering off at high Plate-voltages. (Fig. 10.2.), 
never becomes completely independent of the plate-voltage. At 
very high plate-voltages oxide-coated cathodes may become 
damaged because of the abnormally large emission. In general, 
electron tubes are operated in the space-charge limited ( low 
voltage ) region. 

10-3. Triode. The triode is similar in structure to the diode 
except that there is a third element, the control grid; between the 
cathode and the plate. The control grid, or simply the grid, is 
generally a circular helix (spiral) of a number of turns of fine wire 
completely surrounding the cathode and close to it. Because of 
the open structure of the grid, it does not directly obstruct the 
flow of electrons to the plate. As the grid is much closer to the 
cathode than the plate, a voltage applied to the grid has a much 
stronger effect on the electric field between the plate and the 
cathode than the same voltage applied to the plate. 
flow to the plate is therefore strongly affected b 
on the grid. 

Triode tubes differ widely in size and electrode spacing, 
depending on its Power rating and desired function. 

A triode requires three Operating voltages, one on -each 
electrode, to operate correctly. The plate (or anode) of the tube 
is normally connected to a high positive voltage V 
to the cathode to attract the stream of electron: 
low voltage V; (a.c. or d.c.) is connected to the filament or heater 
to bring the cathode to its Proper emitting temperature and thus 
make available a supply cf electrons. Finally, a voltage V, is 
Placed on the control grid to control the flow of plate-current. In 
the static condition of the tube, it is a fixed d. c. voltage called 
the bias, which is normally a few volts negative with respect to 
ie Sst Its purpose is to operate (or “bias”) the tube on a 

efinite point On its characteristic curve (similar to a ‘diode 


The electron 
y the voltage 


a with respect 
s. A relatively 
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characteristic), so that a certain amount of plate-current Iq is 
always fl owing. f 


(Superimposed on this bias voltage is a varying or alternating 
voltage, usually called the signal voltage. The purpose of this 
voltage is to vacy the flow of plate-current through the tube in 
Strict accordance with the signal variations, so as to make the 
Plate-current an amplified copy of the signal voltage. Ampli- 
fication takes Place, since a small variation in the signal voltage 


On the grid results in a large variation of the plate-current through 
the tube. 


When there is no signal, the valve is operating in the static 
condition. ) 


The smallest negative voltage between grid and cathode that 
is just capable of Cutting off the plat:-current is called the cut-off 
bias. Bias voltages more negative than this cut-off value have no 
effect on the action of the tube. At cutoff bias the electrostatic 


field between the cathode and grid neutralizes that between plate 
and cathode, 


Zero grid bias. When the grid voltage is zero, a plate-current 
flows due to the Positive plate-voltage. The «ction is similar to 
that of a diode, except that the grid still has some retarding effect 
On the electrons because of its screening action. ; Electrons are 
Mot attracted to the grid itself, since it is at zero potential with 
Tespedt to the cathode. 


Positive grid bias. A positive potential on the grid produces 
a strong electric field helping the field due to the voltage on ae 
Plate. The Plate-current therefore increases strongly and may 
soon reach Saturation with increasing positive eta se ie 
Further increase will have no effect on the current. A positive 


voltage on the atid draws a grid current, electrons flowing from 
the cathode to the grid, 


Electron tubes are generally operated at negative grid 
Potentials with respect to the cathode. 
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10:31. Triode characteristic curves. The relationships 
between the plate-voltage, grid-voltage and plate-current in a 
triode can be conveniently summarized in the triode’s characteristic 
performance curves. These characteristic curves are represented 
as relations between two quantities, while the third is held 
constant. Thus we can have 

G) The anode or plate-current (Ia) plotted asa function of 
varying plate-voltages (Va), when the £tid-voltage (V,) is held at 
some fixed value. This is known as the plate- 


current-plate- 
voltage (Ia-Va) characteristic ( Fig. 10.3a). 


‘an 
HEH 
a 
E 
H 
Si 


Ge 


A 
RS 
& 
a 
Š 
8 
Š 


PLATE CURENT Ig (04) 


Q h 80 460 e10 
PLATE VOL TAGE Wz (VOLTS) 


GRID VOLTAGE Vz (VOLTS) 
Fig. 10.3(a) Fig. 10.3(b) 


(ii) The plate-current (Ia) caused by varying the Sird-voltage 


(Vo), holding the Plate-voltage (Va) ata constant value. This is 


called the plate-current gtid-voltage (Ia-V7,) characteristic of the 
triode (Fig. 10.30). 


A whole set of curves of one kind, (I, 
drawn by giving the other quantity (V 
the second case) different values. 


Va) or (I-V), can be 
s in the first case and Va in 
Such a set of characteristic 
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(Dynamic characteristics are obtained under actual operating 
conditions, with a signal voltage applied and a load resistance 
inserted into the plate circuit to extract power from the tube.) 


10-4. Some conventional symbols. (i) Parameter symbols. 

Though there is no uniformity regarding symbols used in connec- 

: tion with tube parameters and transistor parameters, the symbols 
are rather few. We shall use the following symbols. 


Parameter | Parameter Symbol 
Anode (plate) voltage Va | Filament current I; 
Anode current I, | Amplification factor # 
Grid voltage V, | Anode (plate) 
Grid current I, | resistance (internal) Ri 
Filament voltage Vy | Mutual conductance 
| (transconductance) gm 


[ These are the symbols used by BEL (Bharat Electronics Limited ) who are 
Manufacturers of electronic equipment in our country. They (except gm) are the 
Same as those used by PHILIPS also, There are differences in the symbols used by 
tho principal manufacturers of the world, such as Phillips, ROA, Mullard. In case 
of doubt about a symbol, the manufacturer's manual should be consulted. ] 


(ii) Circuit symbols. In drawing electric circuit diagrams 
w : 7 3 
th use special symbols for representing batteries, resistances, etc. 
ere are similar special symbols for representing vacuum tubes, 


Go | Gee 


vacuum 
Di wacuum BEMICONDUC: 
Gad TRIE UCONDUCTOR TRANSISTOR TRANSISTOR 
Fig, 10.4 


4 


junction doda transistors. The few of them which we shall 
Tequire are shown below. 
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10-5, Some accessories for electronic experiments. 


G) Power supply. It is an instrument for supplying regulated 
d. c. for experiments. By ‘regulated’ we mean that the voltage 
it supplies is independent of the load and line voltage variation. 


The commercial instruments for valve experiments in general 
have three outputs, namely. 


1. 0-300 volt (d. c.); regulated and continuously variable, 
capable of supplying a maximum current (30 mA isa typical 
value). 

2. O0-30V or 0-100 V (d.c.); continuously variable but 
capable of supplying very small current. 

3. 63V (a. c.) ; capable of supplying 3 to'5A current. 


Output 1 is the high tension (H. T.) and is used for anode 
supply. 


Output 2 is used for grid bisa. (In some cases it is convenient 
to use a battery for grid bias instead of using output 2 from the 
power supply. An old power supply often gives trouble.) 

Output 3 is for filament heating. 


The input power to the instrument is the mains supply, that is, 
220V a, c. : 


Fig. 10.5 is a diagram of a typical panel of a power supply. 


MAINS 
ON @ OFF 
Ere 


CONTROL CONTROL 
2 HT. 
COO Oo S 
0 -300V 


If it is required to reduce 
the filament heating voltage 
(63V ac) a controlling 
resistance should be included 
in the external circuit. 

For taking Teadings of 
currents and voltages in an 

ae experiment, we do not use the 
onthe weet ae milliammeter and voltmeter 


Beis ey are not accurate enough for the purpose. For 
ngs, Separate meters are included in the circuit. 
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(ii). Chassis arrangement of valve experiments. Chassis 
(pronoudced ‘shas-i?) means the framework to which the parts of 


“WOODEN BOARD CARBON POTENTIOMETER 


Fig. 10.6 (a) 
{ Internal arrangement in a chassis for a valve experiment } 
a receiver, amplifier, etc. are attached, together with the assembled 
parts. Makers of laboratory instruments may be asked to prepare 
the necessary chassis. 
Fig. 10.6 (a) represents the internal chassis arrangement for 
a valve experiment. Fig. 10.6(b) is the external appearance. 


Fig. 10.6(b) 
appearance of the chassis. 
potentiometer ; 2, 3, 4=three terminals of carbon potentiometer ; 5=grid terminal ; 
6=anode terminal i 7=cathode terminal ; 8, 9=filament heating, These indicated 
connections are symbolic, Ta an actual case, the connections are indicated on a 
card attached to the Chassis, 1 


[External 1=knob for adjusting carbon 
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(iii) Carbon potentiometer. A carbon potentiometer (Fig. 10.7) 
«consists of a thin film of hard carbon deposited on an open, 


annular insulator. It is enclosed 
ina shallow cylindrical case with 
the ends of the film connected to 
external terminals a and c A 
sliding contact, connected to 
external terminal b can move from 
one end to the other of the film. 
a and c are connected to a battery, 
and b is connected to the required 
point in the circuit, The p.d. 
applied between one end of the 


battery and this point can be 


varied by rotating the shaft which causes the sliding contact to 
move. 


The resistance of the film is high. (We shall use a value of 
1 megohm. ) The high resistance causes 
flow through the film or the circuit. 

A carbon potentiometer is said to be li 


near when the voltage 
between the terminals a and bis proportional to the amount of 
rotation of the shaft, 


Fig. 10.7 
[ Carbon potentiometer ] 


only a minute current to 


11 al 6 - PLATE -1 
G E PLAMENE UAG RID E, 
y £,6.8,9 BITERNALLY 8 -CATRODE- 3 
ER nRa CONNECTED nage dese 995-FLAMENT-€ 9 
Fig. 10,8(a) Fig. 10.9(b) 


__, Gv)” Spin valve base. Valves are mounted on standard bases. 
Pin connections inside th 


e valves for the double diode and twin 
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triode we have advocated, are shown in Fig.s 10'8 (a) and 10.8(b) 

together with the dimensions of the valves. Wires soldered 

to'the leads from the bases connect them to sockets of the chassis. 
~ 10-6. To draw characteristic curve of a vacuum diode. 

Theory. When the cathode of a vacuum diode is emitting 
electrons at constant temperature (that is, with a constant filament 
heating voltage applied to it ) the anode-or plate-current flowing 
through the tube depends on the voltage applied to the plate. 
The relation between the plate-current Ia and the plate-voltage 
Va for a fixed filament ( heating ) voltage (Vy) is called a charac- 
teristic curve of the diode. 

Diodes are generally meant for operating at a fixed filament 
voltage. The characteristic curve corresponding to this voltage 
is the most important. Other curves may be drawn for different 
values of Vy, 

List of apparatus, Diode under test [ No. EZ 80 and EZ 81 
(BEL) recommended for the use ] mounted properly on a chassis ; 
standard variable power supply ; voltmeter ( 30V full-scale, D.C. ) ; 
Ammeter ( 100 mA full-scale, D.C. ) ; Resistance box ( about 1000 
max. ) 

{ Alternative to power supply. For diode experiments, the 
plate-voltage required is within 20V. To avoid a power supply, 
one can use a battery stack of 14 cells (1'5V each). The anode- 
voltage can then be changed in steps of 15 volts. The filament 
heating voltage can be supplied from a simple transformer of 
output voltage 6'3V, the input being the mains supply at 320V 
AC. ] 

Instructions (if working with power Supply ). 1, Connect 


the components as shown in the circuit diagram (Fis. 10.9a). Check 
the. connections carefully. 


*Both these are double diodes. There are two separate plates or anodes inside, 


but only one cathode which is common to both. Hither of the plates can bo used. 
for experiment, : 
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2. Keep theH T. control knob of the power supply in its 
minimum position and switch on the supply. Introduce gresis 
tance of 2002 in the resistance box R. After a few minutes 


i d H.T. 

hi thode will reach a steady temperature an j 
Sat tet (high tension ) will be 
available from the 


supply. 
Par 3. Rotate the H.T. 
si Ny controlling knob slowly 
“sae am DE ye in the clockwise direc- 
Fig. 16.9(a) tion to apply a desired 


voltage across the cathode and the plate. 


4. Read and record the plate voltage and plate current from 
the voltmeter and ammeter respectively. Doso for each one-volt 
increase of plate-vol-age. 


Fig. 10.9 2(b) 


5. Do not increase the plate-voltage any further when the 
plate-current reaches a value of about 50 mA. 


( This may damage 
the diode, which is of the oxide-coated type. ) 


6. Before switching the power supply off, rotate the H.T. 
controlling knod to the minimum value. 


7. If it is required to draw chara 


cteristics at lower tempera- 
tures put a variable 


5 resistance ( say 52—3A ) in series with the 

oos ia an A.C. voltmeter (0-20V range) across the flament.- 
ges 63V, Sov, . i 

Toughly as 40, 35, 30. fe peo Weave ree tet 
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Instructions (if working with battery stack ). 1. (As for the 
‘Power supply’ method, but use Fig. 10. 9b.) 

2. Switch on the filament supply, keeping the key K open. 

3. Connect the moving terminal ( Wandering plug ) T to the 

- L5V point of the battery stack. 

4. Afzer 2-3 minutes of switching the filament on, close the 
key K. Read the plate-voltage. Va and plate-current Ia fromthe 
volt meter and ammeter respectively. 

5. Shift the terminal T to the next higher voltage point (that 
is, increase the voltage by 1'5V), and record the Va and Ia values. 
Go on doing so for each increase of 15V until Ia is about 50 mA. 
Do not go beyond this value. 

6. Open the key K and switch off the filament supply. 

7. (As in item 7 above.) 


Experimental results : 
Valve no-s- 


i =V 
T. Filament voltage=---V | II. Filament yoltage=---V [zzz Filament voltage 


Valin volts) | Ta(in mA) | Va(in volts) | Ia(in mA) | Patina volts) | ZIa(in mA) 
Sa AE) 


a eee RE meee gripes ten ih NEP es 


The graphs are drawn of Ia against Va onthe same sheet, 
marking v; on each curve. 
Method followed : i 
[Write it brifly on the model of other experiments. telling 
about the actual method you have follwed (Power supplp method 
or Battery stack Method).] 


Precautions : 


1. The Prescribed limits of voltage and current appropriate to 
to the valve must not be exceeded. 
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2. For indirectly heated cathods, a heating up time of 23 
minutes must be allowed before applying the anode voltage. 

3. Before switching of the filament supply, the H.T. should be 
removed. 


Oral questions 

1, On what factors does the plate-to-cathode current ina diode depend? 
State briefly the nature of dependence on each, 

9, What is the direction of the conventional electric current within the valve f 

3, What is saturation current? On what does it depend? Will you get this 
value here ? Why ? What is the difference in external appearance between a directly 
heated and an indirectly heated cathode 7 In symbols 7 

4, What is a double diode? What is its advantage ? Are you using one such? 
Why ? 

5. What is the order of magnitude of the vacuum inside the diode? Why do 
we want a vacuum of this order ? 

6. What is the difference between half-wave and full-wave rectification? 
What does your diode do ? 

q. Adiode is said to work asa rectifier and asa detector. What is the 
difference between the two ? 

8, What is a space charge ? 

Answers. 

1. Itdepends both on the temperature of the cathode and on the plate- 
yoltage relative to the cathode. As filament temperature increases, the current 
inmorcases according to Richardson’s equation. As voltage increases, the current 
increases as shown in Fig. 10.2. 

2. Inside the valve, the electrron curent tlows from the cathode to plate. 

Outside the electron current flows from plate to the cathode. The coventional 
electric current is the direction of flow of a positive charge. This is opposite to that 
of the electron current, 

3. When all the electrons emitted by the cathode are drawn to the plate, 
none being left to formaspace charge, the current is said to bea saturation. 
current. Its yalue depends only on the temperature of tho filament. 

In an oxide-coated valve, we do not try to reach the saturation current, as this 
is likely to damage the oxide coating. The valve here is oxide-coated and indirectly 
heated. Valves which are indirectly heated have, besides the filament, an extra 
electrode each, which is the cathode. 


an A double diode has two separate (and independent) plates, but a common 

cat : 

an 6, pe the same envelope, It is more economic to use a double diode in a 
Wave rectificaton circuit than two single diodes, 
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Single diodes are commonly not much wee Hence So aed Wp i is 
uneconomic. Double diodes are more easily available than a g A 
5. The degree of vacuum is 107° mm Hg or better. z E a earn an 
number of gas molecules in the value, many electrons will pe Y: 3 
The positive ions will crash on the cathode and cause complications. 


ycle is suppressed. So 
6. In half wave rectification, one half of an GUase ae ms ye eae 
only half the energy is transmitted. In full-wave rectifica in supply is received, 
are made to flow in the same direction. So the an energy i sie Nanas SST 
In this case, there is no question of rectification. A dou 
fall-wave rectification. ane 
"as in radio receivi 
T. When the a.c. to be rectified carries very small power, as oat operation is 
Sets, we call it detection. When the power is appreciable or large, 
called rectification. 


rS the cathode in a 
8. Space charge is the cloud of electrons that gathers peia rs 
i ate. 
valve when all the emitted electrons are not being drawn to the p 


isti iode and 
10-7. To draw the static characteristies a trio 
hence to determine its amplification factor. 


Theory. The graphical relation between the Ama 5 
and the plate-current when the grid-voltage is held ae 1 
or between the grid-voltage and plate-current when tiz E7 i 
voltage is held constant, is called a static characteristic o ‘ 
triode. From a family of characteristics of any one of whee re 
kinds,. the amplification factor of the triode can be determined. 


i ive end of the 
(Potentials are Measured with reference to the negative 
cathode.) 


The amplification factor ¥ of a valve is defined as the ee e 
the change in Plate-voltage (6Vu) required to P fa e 
change in the Plate-current to the change in the grid-voltag 
(0 V,) required to produce the same change in the eee 
(that is, #=(D,/3),) With I, constant ). The amplification factor 
of a triode is a measure of the relative effectiveness of the control 


&tid in overcoming the electrostatic fleld produced by the plate. 
23 
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[ Note. From the characteristic curves in the figure below (Fig. 10.10), it is 
clear that an increase in anode current BA may be produced cither by changing the 


Fig. 10.10 


anode potential from V, to V, (at constant grid potential) or by keeping the anode 
potential V, constant and changing the grid potential from © to B. Thus the 
amplification factor 4 is given by 


Knowing V,, Va and measuring BC, # may be determined. 
The value of p is constant only for the straight portions of the characteristic 
curves. A, Band C should be taken on the straight portions of the curyes.| 


List of apparatus. Triode for experiment [Valve no. ECC 83* 
(BEL) mounted on a suitable chassis is recommended] ; Power 
supply (0-200 D.C.; maximum current of 15 mA will be enough) ‘ 
Ammeter (10 mA full-scale, D.C.) ; Two voltmeters (one of 300V 
full-scale, D.C., and another of 10V full-scale, D.C.); Batter’ 
(2x15V) and carbon potentiometer (1M2®, linear) for grid bias 
supply. 

( Ia-Va curves at given Vy values ) 
Instructions. 1. Connect the components as shown in th? 


Circuit diagram (Fig. 10.11). Check the connections carefully. 


iS is a twin triode. Single section may be used for the experiment. 
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2 Keep the H.T. control knob at the position of lowest 
voltage and switch on the power supply. Note the filament 
voltage. 

3. Adjust the potentiometer R to apply zero grid voltage. 

4. After 2 to 3 
minutes, rotate the 
H. T. control slowly to 
apply 25V across the 
cathode and plate. 
Read the plate-current sT 
and plate-voltage from ig. 10. 
the ee, mee voltmeter. Note down the readings for each 25V 
increase in Plate-voltage. (For ECC 83 the maximum current 
Should not exceed 5 mA.) 


5. Bring down the applied plate-voltage to the R ae 
Change the grid-voltage to —0'4V. Apply the plate-voltage 
take readings as in 4 above. 


6. Take teadings as in 5 with other negative grid-voltages 


( say, UC a Ee UWnlesewathemnice directed, take 
three different V; values. 


e 
7. Draw Io-Va curves for different Va values on the sam 
graph paper. 


8. Find « from the straight portions of the graph for some 


chosen Ta. (Or, follow the method indicated in Fig. 10. 10) 
Note. If an ECC 83 valve is used, Va should be confined to 
about 0'4y 


if the Straight portions of the characteristic curves are 
to be utilized for determining #. 

The voltages for 
curves are obtaing 
student should 


values with 


which the straight portions of the characteristic 
ble, depend on the make of the valve. The 
ascertain from the teacher the Va, Vo and Ia 


Which he should confine himself, and which should 
not be exceeded, 
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Experimental results : | 
Valve Nose | 
Filament heating voltage=---V 


a a Stet i a es A ee 


I. Gird voltage=---V | II. Grid voltage =---V III. Grid voltage =" V 
| es. SS eee 


Valin volts) | Za(in mA) | Valin volts)| Talin må) 


Valin volts) | Ia(in mA) 


DEA a Se ANINA ae 

Graphs I, II, Ill are drawn for the three grid-voltages, plottisl! 
V along the x-axis and I along the y-axis. 

Amplification factor. From the graphs, it is found that 4 
has the same value (---mA) when (i) either Va =V with V=" 
or (ii) Va==V with Vo= V. | 

At constant current, a change 8), in grid-voltage= voll 
produces the same effect asa change (8Vq) in plate-voltage="" 
volt. 

Hence, by definition, the 

amplification factor “=85)/ 4/8) = -»V/-- Va, 

Instructions (Ia-V, curves at given Va values) 

1,2and3. As before. 

4, Ask the teacher at what constant plate-voltages you aft 
required to draw the characteristics and the limiting value of cht 
plate-current which should not be exceeded. [These depend of 
the make of the valve. For ECC 83, these voltages may be 230%! 
250V and 270V (or thereabouts and the current, 5 mA ] ql 

5. After 23 minutes, rotate the H.T. control gradually oh 
the lowest of these Plate-voltages is applied. Read I (plat 
current) and Vg (gtid-voltage) from the ammeter and the volt” 
meter connected between the cathode and the grid. Reduce cbf | 


grid bias by steps of say, 0'5 V and take the Ia-Vo readings unt 
the plate current falls 


to too small a value. 
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6. Take similar readings for the two other oaei 
7. Draw the three characteristic curves on the sa 
Paper, marking V, on the corresponding ou ' viel Sol tha 
8 Draw through some Ta value a straight line pas Find the 
D, axis which cuts the curves on their straight Done tersection 
| amplification factor from the Va, V, values of Spr ri at fixed 
points (as has been recommended for static characteristics 
D, values). 
Experimental results : 
Valve No: š 


Voltage applied across the filament= -volts 
a 


III 


5 E E evolts 
Plate-voltage =:--volts. 


IL 
Plate-voltage= ---volts. 


Plate- 
= eee 
Plate- Plate: <a current 
Grid- caren Grid- current- SaR (in mili- 
Potential (in milli- potential (in milli- dn volta) amp.) 
in volts) amp.) (in volts) amp.) 


see 


es a a 
jae sie Se 
El 


SS NS) csi |i ea pial Bea 


? ; ages along 
Plot points on a graph paper representing i ee E three 
the x axis and anode currents along the y-axis. D: 


tive plate 
characteristic curves. On the curves mark the respec 
Potentials. 


Calculation for u, 
the higher Plate-potent; 
raw ABC 
Curve TII at 
Straight por 


Choose a point B on curve If (drawn e 
ial) and pote the corresponding Ia value. 

Parallel to the X-axis to intersect curve I at A and 
C. Take care that the points A, Band C are on the 
tions of the characteristic curves. 
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From curves I and II i 

Ia has the same value when (i) V,=---V and Va= +V (curve J) 
or (ii) Vo=--V and Va=---V {curve II). Therefore, 8V,="" 
(difference of the two V7, values) produces the same effect on Ia 3$ 
6V,=---(difference of the two Va values). 

Hence t=8Va/ Vo=: V/V =- 

Similarly determine / from I and III as also from II and III. 

Result. ~. Mean U=-+-., 

Method followed. 1. 
Fig. 10.11. 


2. The filament heating current was adjusted to the prescribed l 
value. | 


The circuit was arranged as shown i^ 


3. The plate-voltage was given a value of--, and the grid 
voltage, a value of zero. 


4. The grid-voltage was reduced by equal steps and th?) 


| 
z | 
corresponding plate-current noted, the plate-voltage remaining 
the same. This was continued until about zero plate-current Ww) 
reached. 


5. Observations 3 and 4 were repeated for two other plat“ 
voltages. 


6. The graphs were drawn and calculation made as shown. 
Note. 1. A set of characteristic curves drawn for differe" | 
grid-potentials supplies the same information regarding the valve a 
the set of characteristic curves discussed first. Both sets are obtai™ 
able from the same arrangement of apparatus. | 


2. For triodes of low amplification factor, the saturation valu? 
of the current (for normal filament-current) is about 20— 
milliamperes. For a triode of high ¥ value, the saturation curren 
is smaller, in some cases less than even one milliampere. 

3. Valve constants, such as amplification factor, plat? 


tesistance (internal resistance of the valve) and mutual condv© 
tance, can all be deter 


i mined from the same experimental set YP 
We have indicated ho 


w ¥ may be determined. 
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Oral questions 


1. Describe the construction of a triode Me d the plate 
2, State the function of the filament, the grid anc a Elie cathode. What 
8. Distinguish between the filament-type see PEET z ‘distinguish between 
is the advantage of the latter over the former ? How would you 
two triodes having these two types of cathode ? t? Will there be space charge if 
i turati rrent ? > 
4. What is space charge? Saturation curr : 
the current is at saturation ? A Ive? 
5. What is the direction of current flow within the va 
6. Define amplification factor. a 
7. Why don’t yoa use the bias voltage from the power supply ¢ 
Answers. 


1 and 2. Sce Sec. 10-3. itters can be used for 
3. Tungsten, thoriated tungsten or oxide conte emi ee: hace 
directly heated filaments. The heating current is ence is applied to 2 
filament of the material. In heater-type cathodes pe ae a a eane 
separate heater element, located inside a cylindrical see 
4 = rial. 
This sleeve is coated on the outside with the emitting ma bo operated at low tem- 
The heater-type cathodes are oxide-coated and a heating system affects 
peratures (about 700°—850°C). No voltage fluctuation of the 
the grid or plate voltages. lly—one for the plate, 
A filament-type heater has four effective pins ea ies has jive effective 
r- 
one for the grid and two for the heating battery. e is insulated from the 
pins—four as above and another for the cathode whic 
filament, p 
4, See Sec. 20—2 (portion marked ‘Action’) late the conventional 
5. Since electrons move from the cathode to the ras cathode) within the 
positive current flows from the plate to the cathode Gnode g 
valve, 
6. Soe ‘Theory’. steady and as 
A, t be as 
T. The bias voltage from the power supply may sa: supplies may become 
capable of fine control as we want it to be. Besides, old po 
a little troublesome. 


10-8, Impurity semiconductors and their re S 

Semiconductors owe their moderate conductivity to 5 
telatively few free electrons they contain compared with metals. 
There are many varieties of semiconductors. iino type known as 
impurity semiconductors is widely used in electronics and transistor 
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manufactures. The basic materials are garmanium and pen 
To understand theirt actions as impurity semiconductors Hed s 
have some idea of their atomic situcture: Both have the i 
crystal structure and similar characteristics. For our R 
what applies to one also applies to the other. So, we illus 
n a four electrons in its outermost shell., Fheis 
electrons are called valence electrons. They are easily dislodge 
to become electric current carries. For our purposes, the atom 
may be pictured as containing only these Zour electrons and na 
protons in the nucleus to keep it electrically Pe When 
germanium is in the form of a crystal, adjacent germanium iome 
share their valence electrons in a strong bond, so that effectively 
four orbital electron pairs are associated with each nucleus. There 
electron pairs are called covalent bonds. They are bound so 
strongly to each other and to the germanium nucleus that no free 
electrons are normally available to conduct a current through the 


FREE ELECTRON 


" GERMANIUM 
NUCLEUS 


ee grain COn: 


Ne pains PAED = HOLE Flow — 
(a). HOLE oe - 
— Bee e o) 


Bond diagrams 
10,12(a) Covalent bonds in 
germanium, 


Fig, 


Fig. 10.12(b) Bonds in N-type germanium. 
Fig, 10,12(c) Bonds in P-type germanium. 


A pure germanium crystal 
electricity. 


germanium, is practically a nən- 
conductor of 


But heat energy occasionally breaks 
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some of these covalent bonds, thus liberating free electrons as 
charge carriers. 

Fig. 10.12(a) shows the covalent bonds ina germanium crystal. 
( Remember silicon can be treated exactly in the same way. ) 

If a small amount of impurity is introduced into the germanium 
crystal, its current conducting characteristics change greatly. 
Thus when atoms that have five electrons in their outer shell 
(such as antimony or arsenic ), are introduced into the germanium 
crystal (a process kknown as doping), the fifth electron of the 
impurity atom does not finda place in the symmetrical covalent 
bond structure. It moves about freely through the crystal. sia 
electrons are available as current carriers. Relatively few impurity 
or “donor” atoms within the germanium structure are enough to; 
Sive rise to a substantial electron current when a voltage is 
applied [Fig. 10.12(b)). 

Germanium that has been doped with pentavalent donor atoms 
is known as N-type germanium, because current is carried by 
negative charge carriers ( electrons ). AiR 

P-type germanium. If the impurity has three electrons in its 
Suter shell ( as in gallium, indium, boron, etc. ) one of the covalent 
bonds around each such impurity atom has an electron missing. 
This missing electron is called a hole The hole behaves to a 
Teal positively charged particle when an electric field is applied 
across the crystal, and carries current from the positive to the 
Negative terminal. - 

Germanium that has been doped with trivalent ( acceptor ) ~ 
impurity is called P-type germanium. ‘P’ emphasizes that current 
is conducted by holes which act as positive charges. (Some electron 
Conduction due to electrons freed by thermal agition will also be 
Present, Fig 10.12(c) ), 

Minority carriers. Absorption of heat or light energy normally breaks some 
bonds in N-type germanium, giving rise to a number of holes, However, the 


electrons released by the arsenic impurity are, by far, the principal conductors of 
*lectricity in N-type germanium, For the same reason, free electrons exist in 
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P-type germanium. But it is the holes created by the trivalent impurity that 
account for the major portion of the electrical conduction that takes place. 

It is thus seen that most part of the current is carried in N-type semiconductors 
by electrons, and a small parts by holes. On the other hand, holes carry most of the 
current in P-type semiconductors, and electrons carry a small part, The current 
carriers which carry the smaller part of the current are called minority carriers. 
In the N-type, they are holes, and in the P-type, they are electrons. 

A piece of N or P-type semiconductor is electrically neutral. 

Though additional free electrons are supplied to the germanium crystal by the 
<donor’ (pentavalent) atoms, do not think that the doped crystal is negatively 
charged. It is electrically neutral. If n pentavalent atoms are added to a crystal it 


contributes n free electrons to the crystal which carry the current. But this leaves 


the nucleus of a donor atom with an extra unit of positive charge that is, a proton 


whose charge is not neutralized by an electron in the atom. n donor atoms contri- 


bute n units of negative charge for conduction and retain n protons in the nucleus 
whose charge is not neutralized by electrons attached to these atoms. Looked from 
another angle, one may say that the addition of neutral donor atoms to the nentral 


germanium crystal does not give the crystal as excess of charge of any kind. The 
same applies to P-type semiconductors. 


10-9. The semiconductor diode. A P-N junction diode is # 
‘semiconductor crystal of whichone part is P-type and the rest 
N-type. Suppose a potential difference is applied across a P-N 
junction diode, making the P-end positive and the N-end negative- 
Application of such p. d. is 
known as forward biasing: 
In such a case the holes will 
be repelled toward the 
negative end and the 

electrons, toward the posi- 
ae tive end. A current will 
thus flow across the junction- 


ee But if the connections até 

Vi i A ois 

uke making the P-end negative and the N-end positive, the 
will remain attracted toward the negative end and the 


JUNCTION 


© ACCEPTORS © Donors 


+ HOLES 


Fig. 10.18 (P-N junction diode ) 


electrons, i 
ek 2 toward the positive end. Hence no current will flow 
è eee a dle 
the junction in this case. This is known as reverse biasing 
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A P-N junction therefore allows a current to pass through it 
when it has a forward bias. But no current passes.when it has a 
negative bias, A junction diode serves as a rectifier in this way. 


The typical current CURRENT 
voltage characteristic for a 
semiconductor diode is oe F 
shown in Fig. 10.14 Both E La 
forward and reyerse charac- an 
teristics are given in the Erei ES 


avo mV mV mY 


data provided by the makers. 
In the forward direction AREAXDOWN 
the current increases roughly 
exponentially with voltage. Fig, 10.14 

But in the reverse direction a small saturation current is reached’ 
when the applied voltage is very small. This current remains 
Practically constant as the voltage is increased. If the reverse 
voltage becomes too large, the device first breaks down and 
becomes a short circuit, after which it may burn out and become 
an open circuit. 


[The junction diode we recommend for this experiment 


je- 12,59Ro is type BY 127, manufactured 

sora by BEL in this country. It is 
NODE CATHODE a silicon rectifier diode with a 
i mazimum reverse voltage of 


aor a 1250V, and can carry a current 
Fig. 10.15 of lamp. A diagram showing 
its side (together with the semiconductor diode symbol) is give- 
in Fig. 10.15, ] 
10-10. To draw the characteristic curve of a junction diode, 
Theory. A pn junction diode alloxs a current to pass 
through it when its p-end is made positive and n-end negative. 
On Teversal of the polarities practically no current passes through 
the junction. The diode can thus act asa rectfier of alternating 
current. (If the revetse bias is very high the action breaks down.) 
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The relation between the applied voltage V and the current 
flowing through the junction is called the characteristic curve of 
the diode. 

List of apparatus. 1. The'junction diode under test [ BY 127 
silicon rectifier diode (BEL) recommended for use. It should be 
mounted on a suitable chassis. Maximum current is 1 A, and the 
maximum reverse voltage is 1250 V.] 2 9-volt battery. 
3. Ammeter (500 mA full-scale, D. C. ). 4, Voltmeter (3 V full- 
scale, D.C.) 5. Rheostat (20 2, 600 mA max. will do). 
6. Resistance box (1000 2 max. will do). 7. Two key. 

[ Though the diode is capable of carrying 1 A, it is desirable 
that the current be kapt within 500 mA in the experiment. ] 

Instructions. 1. Connect 
the components as shown 
in the circuit diagram 
(Fig. 10. 16). Check the 
connections carefully. 

2. Open the plug for 
302 in the resistance box 
Ry, and bring the slider of 
mgt the rheostat to the lowest 

Position (L), 
1 K,=keys, B=battery, Rp =resis- 


[D=diode, V=voltmeter, A=ammeter, K. 
ance box, R=rheostat, ] 


3. Close keys K, and Ka. Move the slider of the rheostat 
L the other end (H). Now the voltmeter will record an increa- 
sing voltage across the diode. 


4, Take readings of volta, 


y ge and current for each O'1V increase 
1n voltage. 


5V the current will be negligible. ) 


; diode exceeds 0'7P (at this voltage 
| the diode will Start conducting ), open the key K, and readjust 
| Ry so as to give O'8V across the diode. 
a ee T key K, closed only when you are taking 
| adjusting the voltage. Otherwise the battery current 
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will be drawn unnecessarily and the diode wil 
heated. f A 

5. Record data as follows, plot the points ard draw the 
graph. 

Experimental results : 

Junction diode No,-+-++ 


Applied Voltage (y) 


—————— 
Observed current (1) 
in mA 


Draw the V-I graph. This is the required characteristic. 


Note. Necessity of the key K,. When the voltage across iz 
diode is smal (07V in the case of silicon and OSV in a? case ig 
germanium diodes), the diode acts an open circuit ( ‘ as ree. 
current passes ). If we want to apply a small voltage ( below “i 
above values ) across the diode, there should be a saung across E 
diode to which this small voltage is applied. This aaia ed 
served by putting the key K, in the circuit. cu eee 
voltage across the diode cannot be varied by varying the 
Tesistance only, 


Oral questions 


ii) intrinsi iconductor, 

I. What are the following ; (i) semiconductor. (ii) intrinsic semi 

(iii) impurity Semiconductor 9 da semi- 

£ % tor and a 

What is the most characteristic difference between a conduc 

Conductor 2 lectricall 
2. What aro P-type and N-type semiconductors? Are they electr y 

charged 9 


3. What is a P-N juuction ? A P-N diode ? 


iasi. overse biasing of a 
4. What do. you understand by forward biasing and reverse bia: g 
semiconductor diode 2 ? eae van 

5. What May happen if you give a semiconductor diode a large reverse bias ? 
Answers, 


1, See Sec, 10-5. An intrinsic semiconductor is a pure solid which hag 


ich i es 
an appreciable electrica] Conductivity at the room temperature which increas 
rapidly with rise of temperature, 
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In metallic conductors, the electrical conductivity diminishes with rise of 
temperature, conduction being due to free electrons alone. In semiconductors, 
electrical conductivity increases with rise of temperature. Conduction is due to 
plectrons and holes. 

2. See Sec. 10-8. 

3. A semiconductor, one portion of which is P-type, and the rest N-type is 2 
P-N diode. The place where the two types of material are in „contact is a P-N 
junction. 

4, See para 1, Sec. 10-9. 

5. See para 3, Sec. 10-9. 


10-11. Transistors. A transistor isa semiconductor device 
capable of amplification in a manner similar to thermionic 
valves. It consists of two P-N semiconductor junctions placed 
back to back, forming either a P-N-P or N-P-N structure. The 
central region in both types is very thin. Ina P-N-P transistor, 
the central N-region is called the base, one P-region is called the 
emitter, and the other the collector. The emitter-base P-N 
junction is forward biased; the’base-collector junction is reverse 
biased. In an N-P-N transistor the P-region is the base, one of 
the N-regions is the emitter and the other the collector. Here 


also the emitter-base N-P junction is forward biased; the other 
juction is reverse biased. 


The collector of a transistor corresponds to the anode of a 
thermionic valve; the emitter corresponds to the cathode. The 
base is analogous to the control grid. 

With proper biasing of the two junctions in an N-P-N 
transistor, a large number of electrons in the emitter region are 
attracted to the base P-layer. If this layer is sufficiently thin, 
it will allow most of the electrons to pass through it, only a small 
percentage combining with the holes in the P-layer. The rest 
will be attracted into the positive collector. The magnitude of 
a ae current will depend on the extent of the positive 
as ae ae base. By suitable design, the device can be 

or current many (say, 20-100 or so ) times 
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the base current. The ratio of the collector current to the base 
Current is the current gain of the transistor. 

A P-N-P transistor acts in an exactly similar manner with the 
difference that the current carriers are holes instead of electrons. 

The advantages of a transistor over a valve are (i) that it is 
much less bulky and fragile, (ii) that it requires no heater 
Current and (iii) that the voltage at the collector need only be a, 
few volts. 

10-111 The common-emitter type of connection. When 
transistors are operated as amplifiers, three different basic circuit 
connections are possible. One of these is known as the common- 
emitter type, and is the most flexible and efficient of the three 
basic connections. It has the highest voltage and power gain of 
the three circuits, 

The type of connection can be seen in Fig.s 10.20 and 10.21. 

10-11.2 Transistor characteristic curves. The performance 
of transistors may be determined from characteristic curves of 
their voltage and current relations, just as for the triodes. In the 
experiment described in Sec. 10.12, we draw what we call 
collector characteristics ( or output characteristics ) the connections 
being of the common-emitter type. 


45 
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COLLECTOR-EMITTER VOLTAGE 
Fig. 10.17 


(Nature of collector characteristics of a pnp transistor ) 
Such a characteristic curve is a plot of the collector current 
(Tq) against collector-emitter voltage (Von) for a given base 
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current (Ip). This corresponds to Ia -Va curve at constant Vs 
for a triode. When such curves are drawn for different base 
currents, we get a family of collector characteristics. Their 
nature is shown in Fig. 10.17. 

There are other forms of characteristic curves, as for triodes. 


10-11.3. Transistor to be used and the internal chassis 
à arrangement for our experiment. 

For our work, we shall choose type AC 127 or AC 128 
transistor manufactured by BEL. The former is N-P-N and the 
latter a P-N-P transistor. Their size and symbols are shown in 
Fig 10.18. The internal arrangement of the chassis is given in the 
next figure ( Fig. 10.19 ). 


ofS =— 
. 1 
34am £ 4 S 
oO 
| Blo: i 
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Fig. 10.18 
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Fig. 10.19 


10.12. To study the collector characteristics of a 
transistor in the C-E (common-emitter) mode 


g nied The purpose of the study is to observe the variation 
collector current with the collector-emitter voltage at different 
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base currents, and to represent the results in the form of graphs, 
called characteristics. 

List of apparatus. 1. The transistor under study. [Type AC 
128 or AC 127 (BEL) is recommended. The first is a pnp and the 
second an npn germanium alloy transistor.] 

2. Ammeters (100 #A or 500 #A full-scale, and 10 mA full 
scale), 

3. Voltmeter (10 V full-scale, with at least 10 k 2 per volt). 

4. Carbon potentiometer (1 megohm, linear). 

5. Rheostat (500 2, 0°6 A). 

6. Resistance box (50 @ max). 

7. Batteries (9V,6X1'5 V) and 1'5 V. 

8. Keys. 


Fig. 10.20 (p-n-p) 


q (Ri =carbon potentiometer ; R,=rheostat; R;=resistance box; B=hase, 
=Collector, E=emitter ; #A=microammeter ; mA=milliammeter.} 


Fig. 10,21 (p-n-p) 


Instructions. 1. Connect the components as shown in the 


uit diagram. Check the connections carefully. 
24 


Cire 
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2, Adjust the carbon potentiometer (R,) to set the base 

current at 10 4A. 

3, Put 30 Qin the resistance box (Re). Keep theslider of 

-the rheostat (Re) at the minimum resistance position (L). 

4. Close the keys Ki and Ka. Adjust the slider of the rheostat 
(Rq)-to apply voltage across the collector and tke emitter. 

5, Note down the readings for collector current (Ig jiand 
collector-emitter voltage (Von). Initially (up to 05 V) readings 
shouldibeftaken at 0'25V intervals. Afterwards, readings at 05 Y 

Vintervals;will do. 


a? aci2s 
C-E MODE 


i OUTPUT CHARACTERISTICS 
2 


pNma —~ 


Yp (VOLTS) —eo 


Fig. 10.22 


yl Open the key K, after 0'5 V and readjust for higher voltage 
ause the voltage distribution alters a little as you go up). f 
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: djust 
7. Check the base current before each reading and readjusi 


articular set 
Ri to keep the base current at a fixed value for E pi 
of readings. 


A S e currents 
8. Take different sets of readings at different bas 


ed 
(for example, 10 HA, 20#A, 254A, 30 A etc). Do not exceed, 
say, 200 HA, 


Tabulate as follows 


Experimental Tesults. 


I. Base current= 


“HA : 
eto, 
Vop(in V) pe 
= cea ete, 
To (in mA) AA Paie 
mana e eee ee ———— 


II. Base current= MA 


vant graphs 
Similarly for other base currents. Draw the rele 


a particular _ 
On the same paper. The nature of the curves fora pi 
transistor is shown in Fig. 10.22, 


Oral questions 


1. Whatis a transistor ? Describe any one type. 
2 Distinguish between P-N-P and N-P-N types. suite areata 
3. What is meant by emtter,: base and collector of & i 

their Corresponding parts in a triode valve ? aia 

- What are the broad advantages of a transistor over a tri 


5. What is meant by the common-emitter type of connection ? 
6, 
Te 
8. 


What is meant by a transistor characteristic ? 
What is current gain in a transistor ? 

i ircui ram. 
Explain tho symbols you have used in the circuit diag 


Answers. 1 to 4, (Seo Sec, 10.11) 


5. (See Sec, 10-11.1) 
& (Bee Sec. 10-11.2) 


T. Current gain of a transistor is the ratio of the collector current to the bast 
‘“urrent, 


8. (t necessary, check from earlier diagrams.) 


TABLES 


Densities of common substances 
(im g/cm? ) 


Substance 


Solids 


Spirit 


Aluminium Milk | 
Alum ; Olive oil 03 
(Potassium) Paraffin oil 
Brass 40 
ess Sea-water 
atbon ; 
(Graphite) Turpentine 
Copper j | 
Cork 
German. panee ' 
silver (at S.T.P.) af 
Gold oi 
Glass o 
(Crown) o 
Glass (Flint) od 
Glass (Pyrex) (Ethyl) oad 
Iron (Cast) | 7-0.7-7 Chloroform Hydrogen 00! 
Iron Nitrogen ; ott 
(Wrought) | 7:8-7:9 Glycerine 0 


Oxygen 


Steam 
(at 100°C) 


Lead 11°37 [Kerosene 
.Marble 2'5-2'8 Mercury 


> 
> 
Breaking stresses of common laboratory materials 

(in kgf/cm?) p 
Brass ~ 3160 to 3980 [Iron (annealed) --- 4700 

Copper 30 

(hard drawn)... 4080 to 4700 [Stee] (ordinary) -- 112 

t r Gnnealed) +++ 2860 to 3160 5810 
il 

“teed drawn) ... 5510 to 6330 | ” ‚tempe J 


» (pianoforte) ... 18080 to 2 


TABLES 373 
Density of water 


(in g/cm?) 


0'99987 0°99997 0'99997 | 099958 


99973 99953 99897 "99862 

99823 | -99780 99681 | -99626 

99567 | -99505 99371 | -9930 
40 9929 9915 “9898 9890 
ay “9881 9879 9853 | -9843 
60 "9832 -9822 9801 | -9789 | 
W 9778 0767 9743 | -9731 
80 ‘9718 9706 ‘9680 | -9667 
90 9653 9640 ‘9612 | 9598 


Young’s 
modulus (E) 
1n dynes 
Per cmë, 


Poisson’s 
ratio (c) 


x 1023 


267 034 
Ass í 
PPer 35 0 a ie 40 
te 39-4 026 
ae 3553 | 023.031 
r Ought) 77-83 027 
a 79-89 | 025.033 


3°0 


0°00016 0°46-0°49 
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Saturation vapour pressure of water 


Coefficient of 
linear expansion 
per “C 


Solids 


Aluminium f 
Brass 0 
Constantan Invar Fa 2 
Sees rE (other varieties) —0'3 29' 1 
ilica Lez 
Glass (Flint) ad $28 
ae oe) i 
lass (Pyrex) 1 A 
258: 
Iron (Cast) 


Tron(Wrought} 


TABLES 375 


Specific heats of solids and fiquids ( cal/g °c ) 


Substance Jemp: 
Solids : 
Aluminium $ Paraffin wax 
Brass 0 o Porcelain 
Constantan i Sand 
Copper Zinc 
German silver Liquids + 
Glass (F lint) 
Glass (Crown) 
Granite Glycerine 
Tce Castor oil 
Tron Linseed oi! 
Lead ; Olive oil 
Marble 21-022 | Paraffin oil 
Naci Mercury 
Nickel 


Turpentine 


Acceleration due to gravity (g) and horizontal intensity of 
. Carth’s magnetic field (H) at different places in India 


Delhi 


Agra Hyderabad 0°379 
yderaba 370 

R h (Deccan) 

a 

angalore Lucknow 0385 
C te ay Madras 0'369 
e cutta Mysore 0'380 
Uttack Nagpur 0'368 


Patna 
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Normal boiling points of liquids 


Liquid 


Boiling point’ 
in C 


Acetone Chloroform 612 
Aniline 183:9 Ethyl acetate 771 
Benzene 80:2 | Ethyl alcohol 783 
Carbon disulphide 46°2 Methyl alcohol 647 
Carbon tetrachloride 767 | Methyl acetate 


Melting points of solids 


Phenol 


Diphenylamine Phenyl acetic 
acid 76° 
Indol Potash alum 84°5 
Naphthalene Sra! 
Re lara Stearic acid 693 
Palmitic acid ymol 50 
Trichloracetic > 


acid 


Mean coefficients of Cubical 
(for a range around 18°C 


Liquid 


expansion of liquids (r) 
unless otherwise stated) 


Y per °C 


Glycerine 53x107" | Turpentine 94x 107" 
Mercury 18:1 x 10-5 
Olive oil 70 1075 | Water (20°-40°) 30°2x 10-2 
ee oil 90% 10-* | Water (40°-69°) 45'8% 10-* 
araffin oi af eae 
(207199) 110x10-* | Water (60°-80 ) | 587x10- 


TABLES 377. ` 
Thermal conductivities 
(in cal cm~* s7* °C-*) 


Thermal 
Substance Substance `| conduc- 
tivity 
Aluminium 0:480 Iron 
Asbestos 3x 10-* (Wrought) Byres 
Asbestos Paper 6X 10-* Marble 71x 10-3 
Brass 7 0:260 (Whole) x 10 
Constantan 18 0-054 | Mica 18x 107° 
Copper 1g ogg | Paper 03x 10-5 
Ebonite 42x 10-¢ Porcelain 2°5x10-? 
G 3 
a 18 momi | e 055x10 
a (Crown) 0:0025 | Steel 0108 
a (Flint) 0'002 | Nickel 0'142 
= (Pure) 0176 | Silver 1006 
LOR (Cast) 0114 | Zine 0'265 
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Refractive indices of substances 
{ with respect to air for Na-D line (5893 x 107° cm)] 


ea Retmetive : Renactive Ne 
Solids nder Solids tades Liquids 


Glass Felspar 1:52 Water 


(Crown) 

Fluorite 14339 | Alcohol 
Glass (Ethyl) 1362 
(Flint) Mica . 156-160 
Alum Quartz 

Ord. ray)| 15443 | Canada- | 1°53 

| balsam 

Calcspar Quartz 
(Ord. ray) (Ext. ray) 15534 | Cedar oil | 1°516 
Calcspar Rock 1544 Glycerine | 1°47 
(Ext. ray) salt 
Diamond Sylvine 14904 | Paraffin ojl| 1°44 
Ice Ruby 176 Olive oil | T 


Wavelengths of bright spectral lines 


Wave- 
Colour length 
in À 


Substance Substance 


Yellow(D,)} 5890 | Helium Vi 

ent ope u iolet E 

Potassium | Red 7668 ; 4 
y 7702 pie a 

A ”,. 9; 
sm fee, g] |g te |S 
Yellow | 5607 | ello 28 
i 5912 7009 
Orange | 6031 4340 
(strong- | Hydrogen 4861 


est) 
6059 


VA, = 19-8 an j 


TABLES 


Specific resistances and 
temperature coefficients of resistance 


Temp. 
coefficient coefficient. 
Substance of resis- of resis- 
tance | tance 
per °C per ‘C 


9x 10322 


Carbon lamp 118 27 
filament i 
Cobalt 110 17 

5-10 

Constantan 
Copper 34 |25 
German-silver 110 37 
Glass 16 r 20 

5x1 2x10 
(conducting) 9 40 
Glass >10°° 16-42 
(other varieties] ~ 37 


Tron (Cast) 


74-98 


80 PRACTICAL PHYSICS 
2 E M. F. of cells 


E.m.f. in volts 
pe eke od Sa 


E.m.f. in voles 


Cadmium 


“1701830 
(Weston) (at 20°C) 
Daniell 1'07-1°08 
Secondary : 
Leclanche 15 
Z Lead acid cell 19.22 
Standard : 
| Nickel-Iron 1114 
Clark 1433 (at 15°C) alkali cel] > 


Electrochemical equivalent 


Chemical 
equivalent 


E.C.E, 
(in gtam/coulomb) 


Silver 107°88/1 0°00111800 
Copper 63°57/2 0:0003294 
Hydrogen 1008/1 0:000010447 


| Copper-constantan 
Copper-iron 


37°54 x 19-8 


0°0445 x 19~» 
13°40 x 19-5 


~ 0:0137 x 19-4 


PRACTICAL PHYSICS 


LOGARITHMS 


ma 
— 
10 
H 
3 13 
14 6 
15 6 
16 S 
5 17 5 
18 5 
19 4 
20 4 
2ì 4 10 12 
22 4 10 12 
23 4 911 
24 4 911 
25 3 910 
3 8 11 
3 8 11 
PHE 
10 
8 3 7 shio 
3 7 10 
t 3 7 8| 9 
3 6 8| 9 
) s 6 9 
2 6 7| 9 
2 Eagal g 
2 6 8 30 
l 2 5 8 910 
2 5 6] 8 920 


To 
Conan 


9 


13 
1 
1 
1 
1 
1 
10 
9 
9 
9 
9 
8 
8 
8 
8 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
5 
$ 
§ 
5 
5 
5 
5 
5 


Oar satn woyo woowoods SIISII 


OOOD SSG Vyas 
VIM DDD Oooo 


NONO WNN 
anan awan 


Some useful logarithms 
log 7=0.4971 log 980=2.9912 
iog 76=1.8808 log 13.6=1.1335 
log 273=2.4362 log 42=0.6232 


oS aid GO GEG Beer, 23145 


SaS2 Suge Yl 


65 


7404} 7412) 7419 


7482 7490 | 7497 
7559| 7566 | 7574 
7634} 764217649 
7709} 7716 | 7723 
7782 || 7789 | 7796 


7853 9 7860 | 7868 
79249 7931 | 7038 
79934 8000 | 8007 
8062) 8069 | 8075 
81294 8136 | 8142 


8195} 8202 | 8209 
82611 8267 | 8274 
8325 § 8331 } 8338 
83881 8395 | 8401 
8451) 8457 | 8463 


8513 8519 | 8525 
85738579 | 8585 
8633] 8639 | 8645 
86921 8898 } 8704 


| 87511 8756 | 8752 


8808 Í 8814 | 8820 
8885 i 887-2 | 8876 
892118927} 2932 
8976} 8982 | 3987 
9031 | 9036 | 9042 


8085 | 9090 | 9096 
913899143 |9149 
91914 9196 | 9201 
9243 9 9248 | 9253 
9294} 9299 | 9304 


9345 ¥ 9350 | 9355 
9395 § 9400 | 9405 
9445 § 9450 | 9455 
8494 f 9499 | 9504 
9542489547} 9652 


$5901 9595 | 9600 
9638 | 9643 | 9647 
9685 | 9689 | 9694 
9731] 9736 | 9741 
0777 § 9782 | 9786 


98231} 9827 | 0832 
9868] 9872 | 9877 
991249917 | 9921 
8056} 9961 | 9965 


w =3.1416= 
T? =9 8606 = 
e 


996919974 


TABLES 
LOGARITHMS 


Mean Differences 


HONNO N 
AAA dA A 


HORLO 


NHONHO NNNISN 


wew WNT MOPY WNW WVV VAVO H 
uuu uvune Huor WWW 


> 
Ea 


fotos 


SONN 
MONTE www csta 


2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
i 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i] 
i 


pat pad p jd fad fod pot pad pad pd jd i p OO ONONO ONONO 


INNY PNNONN N 


“OOOO COoCOoo Oooo 
torotor «ororrren 


Some useful constants 


3.142 
9.870 


e =2.71828........ 


6\7 8 veajas ejr a 9 


ann Naan oO 
AGOaenAn AaORaao a 


Oona 


QOoanon 


CoCsOOWe wtctOtO to WCU COO Wm oh eh WR a Wee ate be ehhh ABARO oO 


- 


Guau wooo 
uuw wuuwiwu. VYY Rhee EP PEEP BLA AH AAA 


COhAD, LAALHP LhhPH Lhe Bh wee or 


=2.718 


loge 10=2.30258....=2.303 


-{- Se eetenseens to co 


OO VPND 2SASCes SESCOAr: annnxn N 


xls 


= W a 


aban ADDAA we BSS COO 


PRACTICAL PHYSICS 
ANTILOGARITHMS 


et d et et ed nd fd ot ed 

bd jb pod bed en ee ee) 

HOENN ISN mp 
tote mrer 
tototorsre 


SASASI SA] 


t 


aiaa d t pi, 
VIA U N |1 
tOO peipei aod pot d ja pad t pad jad pd 


AAE 


1390491893 
142231426 


‘ ; K 
14454 4 EET 14765 
14795 e prs 15101 
15141517 ali 531] 15358 =) 1545 
15494 1552 ; 1581 
15851 1589 2 34 ‘ ; 1618 


16224 1825 | 162 1656 
166041663 714 : eH 
16984 1702 8} 17: er 
17284 1742 à 50] 52 J fh} 
17784 1732 : 1816) 


muah ames cue ain 
OON 


ttytotots 
totototote 


R 7 


NN 
GI 


1 
i 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
l 
i 
l 


COPS LOLS ES Mpp pet thee pd et et et 


tot mito 


to tot eto 


$ 182 lise ‘ i 453 1858) 

18624 1866 ; 2 a 
19054 1910 . AA 
195041054 ride) 
1995} 2000 | < 2 


H 
204212046 2084 
20894 2094 
21384214312 
218812193 
223912244 | S94 


2291 7 2296 
2344 Í 2350 
2399 | 2404 
245512460 
2512) 2518 


2570] 2576 
2630] 2636 
269212698 
275412761/2 
2818 | 2525 


28849 2891 | ; 

295182958 

3020 § 3027 

3090 | 3097 311293119 


PSA asad 
NO Wie 


CO CO mi et p poi bt jot jt et 
to to to toto 
toterstore 


to to tototo 
toto 


bi dd t pot pd pt bb pat pl ak pad pad pad d tet pad hk pd pai pad te pad pat bad ek pd patid i podi d ll tl tlt OOOO O 
TONN OLB Ahina AALO wai otou Wtetorsnm roprorrets 

CGSN AMT raih BwPa De Be MESO Weno wna EANN WONNI NONON 
@2ocoeo ASGGAaAST MANNAN mnada Andaa d A Gao C80OWWH tooto toto co to co oto 


adhe haapa matowa woyati) cato tototo 


IONO torbodto§ tertotcr 
Wwe wucertr ONNEN 
SeUR CWHOHe Www 


Conversion table 


i Reciprocal 
Reciprocal 
l inch = 2.54cm 0.3937 1 lb=453.6 gm 0.0022 
1.0936 =0.4536Kem 2.2046 


l yard =0.9144 m 
“1 cu ft. =28.32 litres 0.03531 1-1 gallon = 4.546 litres 0.2200 


TABLES 
ANTILOGARITHMS 


are 
TETERE 
i 3206 3228 


3162| 3170 | 3177 | 3184 Í 3192 |3499 3214 | 3221 111 2/3 4 445 6 7 
t . o Ea 7 
243 | 3251 | 3258} 3266 | 3273 | 3281 | 3289 | 3296 | 330441 2 213 4 5] 5 6 
3311 3319 8327 | 3334) 8342] 3350 | 335743365 | 3373| 3381| 1 2 2|3 4 5] 5 6 7 
3388 } 3306 | 3404 | 3412| 3420 | 3478 | 343643443 |3451 | 345041 2 2/3 4 5| 6 7 
3467 4 3475 | 3483 | 3491 3499 | 3508 | 3516 | 3524 | 3532| 35401 2 21/3 4.5) 6 6 7 
3548 | 3556 | 3565 | 3573} 3581 | 3589| 3597 $ 3606 | 3614| 362212 2 213 4 516 7 7 
( A A T } gi 
36314 3829| 3648 | 3656} 3664 | 3673 | 368143690 | 3898| 370771 2 3|3 4 5| 6 7 
3716 | 3724 | 3733 | 3741) 3750 |3758 | 3767) 3776 |3784|3793f1 2 3|3 4 5| 6 7 4 
$802) 3811 | 3819 | $828) 3837 | 3846 | 385543804 | 3873| 388241 2 314 4 5| 6 7 B 
3800 | 3899 | 3908 | 3917 | 3926 | 3936 | 3945| 3954 |3063 | 397213 2 314 5 5| 6 7 eI 
3081} 3990 | 3999 | 4009} 4018 | 4027 | 4036 | 4046} 4055| 406411 2 314 5 616 7 
4074 } 4083 | 4093 | 4102 4111 | 4121 | 4130% 4140 | 4150| 415081 2 3ļl4 5 6| 7 8 9f 
4160} 4178 | £188 | 4198] 4207 | 4217 | 42274 4236 | 4246| 405612 2 314 5 6| 7 S 9| 
4266 | 4276 | 4286 | 42954305 | 4315 | 432594335 f 4345 | 435511 2 314 5 6| 7°8 9b 
4385 4375 | 4385 | 4395 f 4406 | 4416 | 44269 4436 | 44461445781 2 314 5 617 8 g 
4467] 4477 | 4487 | 4498} 4508 | 4519 | 4529} 4539 | 4550| 450012 2 3/4 5 6| 7 ë 
4571} 4581 | 4592 | 4603 | 4613 | 4624 | 46349 4645 | 4656) 400711 2 31/4 5 6) 7 9 ag 
4677 | 4688 | 4699 | 4710] 4721 | 4732| 474244753 147641477511 2 314 5 71 8 9 10 
4786 | 4797 | 4808 | 4819} 4831 j 4842 | 4353 l 4864 | 4875 | 488711 2 314 6 71 8 9 10 
4808} 4909 | 4920 | 49324 4948 | 4955 | 4966 f 4977 | 4989| 500041 2 315 6 71 8 2 ie 
50124 5023 | 5035 | 5047 į 5058 | 5070 | 5082} 6093 | 5105| 511741 2 415 6 7] 8 91 
512645140} 5152 | 516445176 | 5188 | 52009 5212 | 5224] 503641 2 415 6 7| 8 10 11 
62483 5260 | 5272 į 5284$ 6207 | 5309 | 5321 #5333 į 5346| 535811 2 415 6 7| 9101 
697045383] 6396 | 549815420 | 5238} 5445 75458 16470) 548342 3 4|5 6 8| 910171 
6195 | 6603 | 6521 | 5634} 5546 | 5559| 657245585 |5503f561011 3 4|5 6 8| 9 10 12} 
6623 | 5636 | 5849 | 58624 5675 | 5689 | 570245715 | 5728| 57411 3 4|5 7 8} 91012 
6754} 6768 | 5781 | 6794} 5808 | 5821 | 5834 $ 5848 | 6861| 587511 3 415 7 8f 911322 
6888 | 5902 | 5916 | 692915943 | 5957 | 597045984 | 6998| 601241 3 4|5 7 8ļ|10 11212 
8026 § 8039 | 6053 | 6067 § 6031 | 6095 | 810946124 |6138 |6152}3 3 416 7 811011 134 
616616180 | 6194 | 6209} 6223 | 6237 | 625246266 | 6281| 629511 3 416 7 91101 1 13) 
6310} 6326 | 6829 | 6353 0368 | 6383 | 6397 f 6412 +6427 | 644211 3 4/6 7 9 10 12 13] 
6457} 6471 | 6486 | 6501) 6516 | 6531| 6546165626577} 650212 3 sle 8 oļi 12 14! 
6607 | 6622 | 6637 | 6653) 6668 | 6683 | 6699) 6714167301 674512 3 516 8 O11 12 14) 
67615 6776 | 6792 | 6808 § 6823 | 86839 | 685516871 | 6887 902412 3 56 8 9/11 13 14 
6918} 6934 | 6959 | 6966) 6982| 6908 | 7015| 7031] 7047| 706812 3 516 8 10}11 18 15 
707947099 | 7122 | 7129/7145 | 7161) 7178) 7194] 7211] 729582 8 5|7 8 10}12 13 15 
12444 7261 | 7278 | 729547311 | 7328| 7345} 7362] 7379) 730612 3 617 8 10/12 13 15 
741347430 | 7447 | 74644 7482| 7499! 751697534] 7551| 756812 3 5/7 910|12 24 16 
758647603) 7621 | 7638} 7656 | 7674 | 76915 7709/7727) 77462 4 517 9 11112 14 26 
176287780 | 7793 | 7816} 7834 | 7852| 7870 7889| 7907| 792542 4 617 9 11113 14 16 
7949 | 7962 | 7980 | 7998} 8017 | 8035 | 80548072 | 8091] 811012 4 617 2 11/18 15 17 
8128) 8147 | 8166 | 8185 ý £204 | 8222| 8241]. 8260| 82791 s20082 4 618 9 11/13 15 17 
8318 | 8337 | £356 | 837548395 | 8414 | 843384531 847218490242 4 618 10 12114 15 17% 
851148531 | 85521 8570 (8550 | 8610! 8630) 8650] 8670; 690f2 4 618 10 12114 16 18 
$7104 8730 | 8750 | 877058700 | 8810| 8831 88511 8872|880012 4 6/18 10 12114 26 18 
8913| 8933 | 8954 | 8974 Í 8995 | 9016 | 9036} 9057 | 2078 | 900972 4 618 10 12115 17 10 
91201 9141] 9162| 9189} 9204 | 9226 | 0247 | 0268 | 9200 9311)}2 4 6/811 13|15 17 19 
9333) 9354 | 9376 | 03979410 | 9441) 94621 9484 | 9508 | 952842 4 7/9 11 13116 17 20 
9550] 0572 | 9504 | 26161 9638 | 0661 | 9683} 9705 | 9727| 975012 4 7/9 11 13116 18 20 
9772) 9705 | 0817 | 9840) 9863 | 9886 | 9808| 9931 | 9054 | 907712 5 7/9 11 14]16 18 20 
Conversion table (Contd.) 
ï Reciprocal 
atmos. =1.013Xx 10° dynes/sq. cm. 9.873 X 107 
l g§m/c.c.=62.43 ib/cu. ft. 0.01602 
radian = 57,3 degrees 0.01745 
ye ene =4.185. joules 0.2389 
O 


Sex=loge 10Xlog r =2.303X log ox 
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NATURAL TANGENTS 


Mean Differences 
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43 
13 
13 
13 
3 
13 
i3 
S 
3 
is 
3 
3 
i3 
R 
4 
4 
n 4 
T 
4 
4 
4 
4 
4 
4 
14 
5 
5 
5 
5 
5 
1S 
6 
6 
, 6 


El $ ~ 
1 ampere =. $ ectrical Units 
| O ae 810? 
.m. 
l volt=10s u. OX 1909 ESU, 


em.u 


TABLES 


NATURAL TANGENTS 


1 ohm=10° e.m.u.= 


l farad=10° €.m.u.=9X10* e s.u. 
t microfarad—10-15 e.m.u.=9X 108 e.s.u. 


t henry=10° e.m.u. = 


l 
x10 C sSouk 


Mean differences 
no longer 
sufficiently 
accurate. 


L- m 
s 


